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EXECUTIVE SUMMARY 
Renewable energy technology has received much attention over recent years. The 
depletion of known fossil fuel reserves and the volatility of international fuel prices 
require that society looks beyond the current coal-dominated electricity generation 
methods. Wind energy is an internationally well-established technology with large 
markets in major countries around the world, such as the USA and Germany. South 
Africa has the potential to generate large amounts of electricity from the wind 
because of the strength of the country’s wind resource. The long coast line and open 
areas are ideal for the exploitation of wind energy.  
A wind farm project has been proposed for development near the town of Jeffrey’s 
Bay, in the Eastern Cape. The proposed project involves the construction and 
installation of a 15MW wind farm, consisting of 6-10 turbines standing 120m tall, over 
an area of 20ha.There are indirect costs and benefits (externalities) associated with 
a wind farm project and it is important that projects such as these are evaluated from 
a social standpoint. 
The aim of this study was to determine the compensation required by residents for 
siting a wind farm in their area. This compensation was then used as a component of 
an overall evaluation of the project. 
The compensation that residents required for accepting a wind farm in their area was 
determined through the use of the contingent valuation method. A survey was 
conducted in the suburb of Wavecrest in Jeffrey’s Bay (the closest residential area to 
the proposed wind farm site). Face-to-face interviews were used to elicit responses.  
An analysis of the results of the survey allowed for the estimation of the total 
willingness to accept compensation for the disamenity of a locally sited wind farm. A 
binary Logit model was estimated. The significant variables in this model were 
retained in a reduced model. This reduced model’s coefficients were used in the 
estimation of the willingness to accept (WTA) compensation. It was determined that 
the WTA amount was of the order of R146.52 per annum per person. The results are 
summarised in Table 1 below. 
Table 1: WTA estimates and population size   
Monthly 
WTA/person 
Annual 
WTA/person 
Population size Population 
Annual WTA 
R12.21 R146.52 3349 R490,695.48 
 
Using this WTA estimate as the indirect cost associated with the project, a cost 
benefit analysis was undertaken to determine the overall social desirability of the 
project. The social CBA followed the with/without principle in its application. A private 
firm CBA was also conducted to determine the attractiveness to investors. The direct 
costs included the capital investment, operation and maintenance and extra 
balancing costs to the grid. The direct benefits were output revenues and the 
salvage value at the end of the project’s life. The indirect benefit was the CO2 
emissions avoided. Using estimates for each of these costs and benefits, the net 
present value, internal rate of return and benefit cost ratio were calculated (see 
Table 2 below). 
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Table 2: Summary of social CBA decision results 
 
Proposed Kouga Wind 
Energy Project: Jeffrey’s Bay 
 
CBA criteria (at social discount rate of 3%1) 
NPV 
 
IRR BCR 
R-37’885’599 
 
0% 0.477 
  
The CBA decision criteria indicated the project was not desirable from a social 
standpoint. The net present value (NPV) is negative, the internal rate of return (IRR) 
does not exceed the discount rate (of 3%) and the discounted benefit to cost ratio 
(BCR) was less than 1. The large capital investment required to initiate the project 
makes the project socially undesirable compared with the baseline alternative.  A 
sensitivity analysis on important cost and benefit components indicated that these 
results were robust.  
Following the social CBA, a private CBA was conducted to determine the 
attractiveness of the project to the private investor. This was done because of the 
expectation that private companies will enter the energy sector as IPPs. The private 
CBA was a financial assessment of the project. The direct benefit was the output 
revenue at the REFIT rate of R1.25/kWh. The costs were the capital investment, the 
operation and maintenance expense, the balancing costs to the grid expense and 
the rent expense. A discount rate of 6% was used for this analysis. Based on this 
data, the NPV, IRR and BCR were calculated (see Table 3 below). 
Table 3: Summary of private CBA decision results 
 
Proposed Kouga Wind Energy 
Project: Jeffrey’s Bay 
 
CBA criteria (at private discount rate of 6%2) 
NPV IRR BCR 
R153’751’632 16% 1.813 
 
The CBA decision criteria indicate the project to be desirable and attractive from a 
private perspective. The NPV is positive, the IRR is greater than the discount rate 
and the BCR is greater than 1. Therefore, the project is a potentially profitable 
investment, based on the costs and benefits utilized in this analysis. 
                                                          
1
 The social discount rate of 3% was determined using the Eskom bond rate as a proxy for the marginal 
productivity of investing for private firms and the consumer price index (CPI) as a proxy for the real inflation 
rate over the period 2005-2009. 
2
 The private discount rate of 6% was calculated to reflect the cost of borrowing funds to the private 
investor/corporation, with the prime interest rate used as a proxy for this cost, and the real inflation rate 
(measured with the CPI, over the period 2005-2009). 
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CHAPTER ONE: INTRODUCTION 
1.1 THE USE OF ALTERNATIVE ENERGY SOURCES 
During the passed 40 years there has been recognition of the fact that human 
activity has reached a scale capable of influencing our environment (Davidson, 
2005). Along with diminishing sources of known fossil fuel deposits, this growing 
environmental awareness has led to a search for alternative sources of energy, 
especially clean sources. It is in this context that renewable energy has become a 
highly topical and important area of study for scientists and policy makers.  
There are a number of renewables currently receiving attention on the global stage, 
including wind, solar, thermal, hydro, biomass and tidal power. Technologies exist 
that are capable of creating electricity from all of these sources. Wind energy, of all 
the potential renewable energy sources, has experienced the greatest growth 
worldwide over the past decade (Yue, Liu & Liou, 2001). This makes it an ideal 
candidate for a feasibility study regarding the potential for renewable energy.  
Wind energy is not a new source of energy. It has been exploited for centuries by 
farmers using windmills to draw up water and sailors using sails to drive boats. 
However, it is only in the last century that it has become a source of generating 
electricity. The first wind turbine farm was established in 1931 in Balaclava, Russia 
(Crabbe & McBride, 1978). It is probably the most mature of the renewable, 
sustainable energy sources having, for example, already achieved nearly 20% 
market penetration in the Danish energy sector and a total installed capacity in 
Germany of 22000 MW (Blanco, 2009). Although wind energy is a relatively well-
established source of energy internationally, it has yet to penetrate the South African 
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market, despite the potential due to South Africa‟s long coast line and abundant 
open areas.  
One of the main reasons that renewable energies have not been more heavily 
invested in is the relatively high financial costs associated with them (Kaldellis & 
Gavras, 2000; Ladenburg & Dubgaard, 2007; Crabbe & McBride, 1978). Wind 
energy is financially costly in terms of land, turbines, installation, operation and 
maintenance, interest payments and connections to substations (El-Sayed, 2002). 
These costs are generally higher than the current fossil fuel- dominated substitutes, 
like natural gas power plants. The average capital cost per kilowatt of installed 
capacity is approximately $1000 for utility scale wind turbine generation, whereas, an 
advanced gas turbine plant has an average capital cost of about $400 per kilowatt of 
installed capacity (Roth & Ambs, 2004).  
The difference in relative economic costs will be less because there are externalities 
associated with the current fossil fuel dominated system. Some of the externalities 
produced in the current energy system include pollution, toxic emissions, resource 
depletion, environmental degradation, water wastage and climate change (Davidson, 
2005). Many of these impacts have directly attributable costs such as medical costs 
and preventative measures to avoid illness, as well as more indirect costs like 
aesthetic disamenity and habitat loss.  
The realization that non-financial costs can still be costs is one of the features that 
has led to the large growth of environmental economics and the development of 
techniques to assign or create values for amenities that do not have explicit market 
prices. The absence of a market price does not and cannot be assumed to mean 
that the good or service under question has a value of zero. Although there has been 
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much debate on the subject, most economists agree that goods and services should 
not be assumed to have a zero value just because they do not have an explicit 
market price (Hanemann, 1994). A major area of debate is around the assignment of 
these values through the various valuation techniques that are applied (Diamond and 
Hausman, 1994). However, there is also acknowledgement that methods are 
improving, and if applied properly, the results can contribute to good decision making 
(Arrow et al., 1993). 
Stated preference methods of valuation record intended behavior conditional upon 
some event occurring (Willis, 2002). They have become widely accepted in the 
economics field, although criticisms of their reliability and validity are present in the 
literature (Diamond & Hausman, 1994). The reason for their acceptance is that some 
estimate for the value of environmental goods and services is an advantage in the 
weighing up process that is part of decision making.  
One stated preference method is the contingent valuation method. This method is 
widely used in environmental economics today because of its flexibility and 
applicability to any situation. The method involves using survey responses to 
determine willingness-to-pay for an environmental benefit or willingness-to-accept 
compensation for the loss of an environmental benefit. CVM is a useful method for 
estimating values that need to be considered in the decision making process and 
often is the only way of eliciting these values. For this reason it has become popular 
and found widespread application. Problems and criticisms of the method need to be 
noted, however, as scope and embedding effects and other errors can lead to 
spurious results (Willis, 2003). The merits of applying this method of valuation will be 
discussed in greater detail in Chapter Two.  
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1.2 THE AIM OF THIS RESEARCH 
The purpose of this study was to examine the economic case for the establishment 
of an alternative source of electricity, namely wind power.  
The study appraised a wind turbine farm project to generate electricity, near Jeffrey‟s 
Bay, using the cost-benefit analysis approach. The costs of establishing such a farm 
were compared to the benefits. Costs and benefits were classified as either direct or 
indirect. The direct costs were mostly financial in nature and included capital costs 
and the maintenance and running of the wind farm. The indirect cost included other 
non-financial economic costs borne by society, such as the visual disamenties and 
noise pollution caused by the wind turbines. A contingent valuation study was 
undertaken to determine this indirect cost. The data in this regard was gathered by 
means of personal interviews conducted along lines defined by set precoded 
questionnaires. A key question of the survey was the willingness of residents 
affected by the visual and noise disamenities (caused by the wind turbines) to accept 
compensation for the said disamenities. The direct benefits included the revenue 
streams from producing electricity using wind power and reducing the reliance on 
traditional fossil fuel methods. This included the output revenue stream for the wind 
generated electricity, as well as benefits from the Kyoto Protocol via reductions in 
CO2 emissions. The indirect benefits were the benefits associated with a reduction in 
the amount of pollution (created by the traditional fossil fuel methods). Costs and 
benefits were analysed and compared, using the with/without principle, to determine 
the social desirability of the project.  
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1.3 WIND ENERGY INTERNATIONALLY 
Wind energy covers 3% of Europe‟s total energy demand and is the second largest 
attractor (behind natural gas) of energy investments (Blanco & Rodrigues, 2008). 
With respect to other renewable energy technologies, wind energy is one of the 
fastest-growing technologies internationally, with an average annual growth rate of 
more than 26% since 1990 (Mostafaeipour, 2010). This rapid growth is a result of 
improvements in the technology, for example, the manufacture of larger turbine units 
that are more reliable and productive. An example of a wind turbine under 
construction is shown in Figure 1.1. 
  
Figure 1.1: A wind turbine under construction in Denmark 
Source: Patel, 1999 
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“One fundamental advantage of wind energy is that it replaces expenditure on mostly 
imported fossil or nuclear energy resources by human capacities and labour” 
(Mostafaeipour, 2010:1056). Expenditures that were, in the past, being made on the 
fuel for powering the electricity generation can be used to pay labour. More jobs are 
created through the exploitation of wind energy than through the traditional 
centralised, non-renewable energy sources. The jobs that are directly created by the 
wind energy sector include: manufacturing of wind power equipment, constructing 
and installing the wind projects, and operating and maintaining the projects over their 
lifetime (Mostafaeipour, 2010). According to Blanco and Rodrigues (2009), the 
companies in Europe directly involved with wind projects employed a total of 104,350 
people. The situation in individual countries varied greatly, with the established wind 
energy countries (such as Denmark, Germany, Spain) having far more people 
employed in this sector than in the smaller markets. This is a result of the leading 
wind energy countries being the main sites for the manufacturers of the actual wind 
turbines. The majority of employment is from the companies which manufacture the 
turbines or manufacture the other components necessary (Blanco & Rodrigues, 
2009). Figure 1.2 provides a breakdown of the types of jobs and their share of the 
total. Clearly, manufacturers represent that largest share, while developers, 
installers/maintainers and IPP‟s represent the other major share. Consultancy, 
research and development, finance and other miscellaneous jobs complete the 
analysis. It is important to be aware of this breakdown of the jobs created, because it 
indicates how a country like South Africa might benefit from wind projects. 
Specifically, it implies that most of the jobs created will likely be in the non-
manufacturing areas unless investment is made in a specific wind turbine 
manufacturing factory. Some of the other components (transformers, substations, 
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and power lines) can be locally sourced, but the actual wind turbine will need to be 
imported. With over three quarters of global wind turbine sales coming from only four 
turbine manufacturing companies (namely Vestas, GE Wind, Enercon and Gamesa) 
it is clear that significant investment would be needed to achieve the economies of  
 
Figure 1.2: Direct employment by type of company  
Source: Blanco and Rodrigues, 2009 
scale that make a wind turbine manufacturing plant a viable option (Blanco & 
Rodrigues, 2009). So, at least initially, it can be expected that most of the jobs 
created will be non-manufacturing jobs. Although these jobs represent a large share 
of the total employment created, all projects will require local knowledge for their 
development and operation (for example, construction, O&M, legal and 
environmental studies), so a positive correlation between the location of the wind 
Consultancy, 
engineering 
3% 
Installation, 
repair, O&M 
11% 
IPP/ Utility 
9% 
R&D/ University 
1% 
Financial/ 
Insurance 
0.3% 
Component 
manufacturers 
22% 
Manufacturers 
37% 
Developers 
16% 
Others 
0.7% 
8 
 
farm and the number of jobs it creates is always present (Mostafaeipour, 2010). 
Another point of relevance is that wind energy employment is going against the 
current trend in the general energy sector. Wind employment is increasing, while 
activities such as coal extraction and coal-based electricity generation are 
decreasing. Thus “measures that encourage the transfer of workers from general 
energy to wind energy will be highly beneficial from both social and economic point-
of-views” (Mostafaeipour, 2010:1056).  
The World Wind Energy Report (2008) indicated that the wind sector had created 
440,000 jobs worldwide in 2008, up from 235,000 in 2005, almost doubling in just 
three years. This is clearly an indication of the growth of the wind market as well as 
its potential to create employment.  
1.4 THE SOUTH AFRICAN ENERGY SECTOR AND GOVERNMENT POLICY 
TOWARDS RENEWABLE ENERGY  
South Africa has a total installed capacity of around 42000MW (36200MW net, 
34200MW peak) (Lochner et al, 2008). Eskom is the main producer in the energy 
sector, producing 95% of the electricity generated in South Africa (Lochner et al, 
2008).  Most of the electricity is generated through the burning of fossil fuels, 
especially coal. In fact, 93% of the total amount of electricity generated by Eskom is 
produced from 10 large coal power stations, with 5% generated from nuclear power 
stations and 2% generated from hydroelectric power stations. There are 22 small 
power stations and back-up gas turbines that represent less than 1% of South 
African energy. Another 3% is generated by independent power producers (IPPs) for 
their own consumption (Lochner et al, 2008). 
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Growth in demand for electricity is expected to continue to rise, in South Africa and 
worldwide, as it provides one of the foundations for successful and sustainable 
economic growth and development. Few, if any, industries can expand without the 
concurrent expansion of energy capacity. In Africa, the expectation is for a 125% 
increase in demand for electricity from 1996 to 2020, see Figure 1.3 (Lochner et al, 
2008). The developing countries in Africa, Central America and developing Asia, are 
expected to increase demand the most in the next 10 years (see Figure 1.3).  
In order to keep pace with growing demand, Eskom has planned an additional 
capacity installation of 40000MW over the next 20 years or so (Lochner et al, 2008). 
The majority of this capacity is for the large mining and metal industries. South 
Africa‟s energy mix is heavily reliant on coal, as mentioned earlier, but the 
acknowledgement of the need to reduce emissions has led to a focus of attention on 
other, non-fossil fuel methods of electricity generation. The predicted energy mix, in 
South Africa and worldwide, is likely to be far more geared than it has been towards 
renewable energy sources, such as wind, solar, hydroelectric, etc (Lochner et al, 
2008). 
Total South African electricity sales in 2006 were 207921GWh and this increased by 
5% in 2007 to 218120GWh (Eskom, 2010). These figures give an indication of the 
amount of electricity produced in South Africa as well as providing some empirical 
support to the idea that economic growth requires energy expansion. The energy 
crisis which has hit South Africa in the past few years led to legislation being passed 
which forces Eskom to purchase all the electricity produced by IPPs. This law is 
favourable for renewable energy generation as there is a guaranteed buyer for their 
“produce”, i.e. electricity.  
10 
 
 Figure 1.3: Growth in net electricity consumption from 1996 to 2020 
Source: Lochner et al, 2008 
There are plans for a reorganisation of the current system of electricity distribution in 
South Africa. Currently, 50% of the electricity produced is sold to individuals, with the 
rest being bought by municipalities and then resold to end users. This reselling led to 
price disparities among different regions (AWEA, 2010). The reorganisation will 
involve unbundling the industry into 6 independent regional electricity distributors 
(REDs) which will purchase generation and transmission services through a 
wholesale pricing system (AWEA, 2010) Eskom controls the transmission network 
with some 26500km of high voltage lines (400kV and 275kV) and approximately 
365000km of low voltage lines. The National Energy Regulator of South Africa 
(NERSA, acting under the Department of Minerals and Energy) controls, negotiates 
and sets electricity tariffs.  
A new renewable energy feed-in tariff (REFIT) was decided on during 2009 and wind 
generated electricity will receive R1.25/kwh. Other renewable energy tariffs were: 
94c/kWh for small-scale hydro, 90c/kWh for landfill gas and R2,10/kWh for 
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concentrated solar with a storage capacity of more than six hours (Creamer, 2009a). 
These tariffs, regulated by NERSA, are specifically designed for each renewable 
energy source based on the technologies‟ “levelised cost of electricity”. The wind 
tariff is one of the highest tariffs for any renewable energy, indicating that it may 
become a highly profitable sector (from the private producer‟s perspective) of the 
energy industry (Creamer, 2009b). The REFIT may make many wind projects 
financially feasible and attractive and represents a serious incentive for wind energy 
generation in South Africa.  
1.5 THE LEGAL AND REGULATORY FRAMEWORK ENVIRONMENT FOR 
RENEWABLE ENERGY IN SOUTH AFRICA 
The legal and regulatory environment in South Africa with regards to renewable 
energy is still in its developing stages. There are only a few statutes and laws in 
place currently that impact on and promote the use of renewables. The most general 
support offered by the legal framework of SA is the Constitution of the Republic of 
South Africa. The Constitution (Chapter 2, Section 24) gives South Africans the right 
to a clean environment that is not harmful to their health and well-being, and so any 
sustainable, clean energy generation should be prioritised relative to fossil fuel 
generation. 
The White Paper on the Energy Policy of South Africa states the main objectives of 
the energy sector, in the short and medium term, as including “stimulating economic 
development”, “managing energy-related environmental and health impacts” and 
“securing supply through diversity” (DME, 1998). Specific mention is made of the fact 
that, when environmental and social costs are taken into account, renewable energy 
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sources often prove to be the “least-cost” method of electricity generation (DME, 
1998).  
Following the 1998 White Paper on the Energy Policy of South Africa, the 2003 
White Paper on Renewable Energy was published. This document was specifically 
aimed at the need for renewable energy sources based on the international 
problems of fossil fuel depletion and climate change. It acknowledged the negative 
consequences associated with a continued reliance on coal (and other fossil fuels) 
generated and set a target for the creation of renewable energy electricity generating 
capacity of 10000GWh by 2013 to be produced from biomass, wind, solar and small-
scale hydro plants (DME, 2003). This amount (10000GWh by 2013) represents the 
government‟s current renewable energy goal and is therefore important in any 
discussion on renewables in South Africa. The target aims to have approximately 4% 
(1667MW) of the projected maximum demand for electricity in 2013 of 41539MW to 
be generated via renewable sources (DME, 2003). 
In March 2003, a National Integrated Energy Plan was published by the Department 
of Minerals and Energy, providing a framework for energy policy decision making 
and for developing energy sources and technologies. This document states that coal 
will still be favoured for new electricity generation, but that “environmental 
considerations” be addressed, “universal access to clean and affordable energy” be 
promoted and “policy, legislation and regulation for the promotion of renewable 
energy” be introduced (DME, 2003). This indicates that the proven, low-cost 
generation method was favoured but that renewable methods were recognised to be 
required in the future. This recognition was given weight by the target set in the 
White Paper on Renewable Energy later in 2003. The DME‟s Energy Efficiency 
Strategy, released in 2005, deals with methods of improving the efficiency of energy 
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within the country. Some of the principles of that document are relevant to the 
development of renewable energy, such as “improving the health of the nation”, 
“reduce environmental pollution”, “reduce CO2 emissions” and “enhance energy 
security” (DME, 2005). This document is primarily aimed at energy efficiency and 
how the country can improve its use of electricity, but many of the goals can be 
achieved through the use of renewable energy. 
Two other Acts that impact on renewable energy generation are the National 
Environmental Management: Air Quality Act and the Environment Conservation Act. 
Both of these acts are aimed at protecting the environment and add legislative 
support for the promotion and development of renewable energy in South Africa. The 
air quality act supports renewable energy (through reduced pollution and CO2 
emissions, etc). The Environment Conservation Act provides guidelines and 
procedures relating to the Environmental Impact Assessment (EIA) regulation. EIAs 
are a requirement for all new developments, and have been since the Environmental 
Impact Assessment Regulations were released in 1997. That means that all projects 
must have the impact and effect on the flora and fauna of the affected area 
analysed. This analysis forms the basis of the decision to approve or reject any 
project and is a crucial component of a project‟s development (Lochner et al, 2008). 
Thus, there is some legal and governmental support for the development of 
renewables, especially wind power.  
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1.6 THE PROPOSED WIND FARM PROJECT 
The specific wind turbine farm project that will be evaluated is the Genesis Eco-
Energy (Pty) Ltd proposed construction of a wind energy facility in the Kouga 
Municipal area of the Eastern Cape Province. The proposed project is located on the 
Sunnyside dairy farm, approximately 5km from Jeffrey‟s Bay, on the slope of a hill 
north of the N2 highway connecting Port Elizabeth and Cape Town, with the closest 
inhabited residential area being Wavecrest, a suburb of Jeffrey‟s Bay (Lochner et al., 
2008). Table 1.1 provides a brief summary of the main characteristics of the 
proposed wind farm project. A more detailed description follows in Chapter Four. 
Table 1.1:  Wind turbine farm specification 
 
 
CHARACTERISTIC VALUE 
Name Kouga Wind Energy Project 
Location Sunnyside Dairy Farm, Jeffrey‟s Bay 
Installed capacity 15MW 
Project life 25 years 
No. of turbines (turbine capacity) 8 (≈2MW) to 30(≈500kW) 
Area required 20ha 
Turbine height 75m 
Blade length 45m 
Annual capacity factor 30% 
Predicted annual electricity production 21462MWh 
CO2 off-set 545000 tonnes 
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1.7 ORGANISATION OF THE DISSERTATION 
This chapter established the need for an investigation of the costs and benefits 
associated with wind generated electricity. Global debates on climate change and 
fossil fuel depletion have captured some of the key arguments for pursuing 
renewable energies, specifically wind. Renewables have fewer negative externalities 
and therefore represent a potential improvement in economic efficiency and a 
reduction in market failures. Examinations of potential projects are thus of 
importance for exploiting potential efficiency improvements. 
The remainder of this dissertation is organized as follows: 
Chapter Two examines the economic theory of cost benefit analysis and of the 
contingent valuation method. Chapter Three presents the contingent valuation 
survey results from the study in Jeffrey‟s Bay. Chapter Four provides a detailed 
description of the proposed wind farm project and its impacts and discusses the 
benefits and costs of the proposed wind farm. Chapter Five presents and evaluates 
the cost benefit analysis of the proposed wind farm. Chapter Six presents 
conclusions and offers some recommendations.  
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CHAPTER TWO: METHODOLOGICAL ISSUES TO CONSIDER WHEN 
DETERMINING THE ECONOMIC VIABILITY OF A POTENTIAL PROJECT AND 
VALUING ENVIRONMENTAL SERVICES 
2.1 INTRODUCTION 
Chapter Two describes the methodological issues to consider when attempting to 
determine the economic viability of a potential project (in terms of costs and 
benefits). A theoretical description of cost-benefit analysis will be presented. 
There are several ways by which monetary values can be placed on environmental 
assets, namely the contingent valuation method, the hedonic pricing method and the 
travel cost method (Field, 2003). Each of these methods has distinct advantages and 
disadvantages. Chapter Two describes the methodological issues to consider when 
placing a value on environmental assets. 
Although the contingent valuation method does not come without disadvantages, it 
will be shown that the CVM is both a credible and reliable method.  
2.2 MARKETS AND EXTERNALITIES 
The market system, whereby supply and demand are free to interact to produce an 
equilibrium price and quantity, enables people to improve from their initial allocation 
through trading, as well as determine an efficient allocation of resources under many 
circumstances. The “Invisible Hand” is an effective and powerful mechanism for 
allocation (Smith, 1759). However, markets may fail for various reasons, for 
example, monopolistic firms or restrictive regulations.  
Externalities are also a potential source of market failure. An externality is present 
whenever an individual‟s utility or production relationships include real (non-
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monetary) variables, whose values are chosen and/or affected by others (persons, 
corporations, governments) without particular attention to the effects on said 
individuals welfare (Lofgren, 1995). Externalities can be public or private. A public 
externality is one that has the characteristics of a public good, i.e. it is consumed by 
all (non-excludability) and an individual‟s consumption does not affect what is left for 
others to consume (non-rivalry in consumption) (Lofgren, 1995). A private externality 
has identifiable impacts on a limited population. Private externalities can be reduced 
by the producing firms by charging or paying the affected populations. Externalities 
can be positive or negative, depending on their effects on utility. Environmental 
externalities are some of the most common externalities dealt with by economists. 
Wind turbines used to generate electricity may exhibit negative externality 
characteristics (in terms of visual and noise disamenities). 
The basic idea is that externalities cause increasing or decreasing marginal costs, so 
that the market equilibrium is not at the socially efficient level where marginal benefit 
equals marginal cost. One of the key points following from this is that the actual cost 
to society of producing a certain good may be more than a firm‟s financial statement 
indicates. These are the negative externalities and they result in a price that is too 
low. It is important for markets to reflect social values and in the presence of 
externalities, this becomes impossible.  
This situation of markets arriving at false equilibria because of externalities has 
received attention since Arthur Pigou proposed using taxes (subsidies) for adjusting 
socially undesirable (desirable) outcomes in 1920 (Lofgren, 1995). The aim of the 
Pigouvian tax is to internalise the externality, i.e. to artificially increase the costs of 
production for the good that is creating the externality, thereby increasing its price 
and decreasing the amount produced. A tax like this is more efficient than direct 
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controls because it creates a permanent incentive for the polluter to abate emissions 
(Lofgren, 1995). Regardless of their emission level, it is the best interests of the firms 
to abate where possible to avoid the added cost associated with the tax. A problem 
with these taxes is that extensive monitoring would be required to ensure a certain 
pollution level is achieved, whereas a direct control would be less administratively 
costly. A subsidy for abating emissions is not necessarily as efficient as a tax on 
emissions because the inflated profits in the subsidised market will attract new entry 
and potentially increase the overall level of emissions (Lofgren, 1995).  
Compensation for the individuals affected by the polluter is also a debated topic, with 
some believing that compensation might lead to “victim activity”, where too many 
individuals intentionally inconvenience themselves in order to qualify for the 
compensation, with no net benefit to society. The Coase Theorem is a “view of how 
direct market transactions between polluter and victim can, without any interventions 
from policy-makers, produce socially desirable outcomes” (Lofgren, 1995:14). The 
idea is that as long as property rights are present, negotiation between polluter and 
victim will lead to a socially efficient outcome. If polluter has the property rights, the 
victim will pay up to a certain level to avoid some of the pollution until it becomes too 
expensive to avoid any further pollution. On the other hand, if the victim has the 
property rights, the polluter will pay up to a certain level to be allowed some polluting 
privileges until it becomes more profitable to simply not pollute anymore. This is a 
notable idea, but in the real world of transaction costs and many polluter-many 
victims scenarios, it becomes less likely that a socially efficient outcome will be 
achieved without intervention. 
The importance of Coase‟s Theorem is that a relatively small number of agents can 
exhaust all mutually beneficial trades, as long as the well-defined property rights 
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necessary for a market solution exist, even if all institutional arrangements are 
absent (Lofgren, 1995).  
There are situations where artificially created markets are needed because property 
rights may be difficult to assign (as in the case of air pollution). In 1965, Thomas 
Crocker suggested an alternative to Pigouvian Taxes, namely the creation of a 
market for emission permits (Lofgren, 1995). Firms would be given a certain amount 
of emission permits and would be allowed to buy and sell these permits with other 
firms to their best advantage. Because some firms would be low-cost emission 
reducers and others would be high-cost emission reducers, it would create a 
situation where the low-cost abaters would abate more and would be compensated 
by the high-cost abaters who would buy emission permits from the low-cost abaters. 
An advantage of tradable permits is that new firms entering, old firms leaving and 
technological progress would all be represented in the price of the permits, e.g. as 
new firms enter the market, the price of permits would increase, reflecting an 
increasing scarcity in polluting. Marketable permits also create incentives for 
pollution abatement technology to be improved, since the abatement results in 
compensation (Lofgren, 1995).   
Economists are interested in whether a project or policy produces “socially desirable 
outcomes”, specifically called Pareto-optima (Lofgren, 1995). A Pareto optimum is an 
efficient allocation of resources that cannot be improved for one person without 
being detrimental to another. A Pareto improvement is a reallocation of resources 
that makes at least one person better off without harming anyone else. An important 
task for economists is to identify and quantify potential Pareto improvements and 
policy to remove or lessen the distorting impact of externalities. 
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2.3 PROJECT EVALUATION AND COST-BENEFIT ANALYSIS 
Cost-benefit analysis is one of the most widely used policy and project assessment 
tools in the world. The goal of CBA is to ascertain all the benefits and costs 
associated with a certain policy or project, whether they are direct or indirect and 
whether they have market prices or not. Its function is to comprehensively determine 
all the positive and negative effects that will result from the implementation of a 
decision, as well as the magnitude of those effects. Put simply, the decision rule is to 
implement the policy/project if the total benefits are greater than the total costs. The 
distribution of the benefits and costs among different groups is not the focus, as all 
effects “to whomever they accrue” are considered. This quote comes from the 
original outline for the CBA as put forward by the Corps of Engineers in the United 
States of America in 1936 via the Flood Control Act (Hanley, 2000:104). Their goal 
was to determine the benefits and costs of all water-resource projects, regardless of 
who the benefit or cost could be attributed to. Although not without its critics, CBA is 
generally favoured by economists over other policy/project assessment techniques, 
such as weighting and scoring schemes, environmental impact assessment, multi-
criteria analysis and cost-effectiveness analysis. The reason that it is so highly 
regarded is because “(i) ignoring CBA implies taking no account of economic 
efficiency, defined in terms of a comparison of social costs and benefits, and since 
(ii) CBA is backed up by a welfare-theoretic underpinning” (Hanley, 2000:104).  
Following its introduction in 1936, it was only in 1950‟s that economists began 
examining the welfare implications of an analysis like CBA. Otto Eckstein (1958) 
critically investigated the techniques for benefit estimation using market information 
and the welfare economic foundation of CBA (Hanley, 2000:104). The 1960‟s saw 
the environmental movement gain momentum, and as a consequence, non-market 
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services like recreational benefits and environmental quality began receiving 
increased attention. There was a natural extension of CBA from water-related 
projects to other project and policy-making decisions, as techniques were developed 
for valuing non-market goods and services. These techniques included the travel-
cost method and the contingent valuation method (Hanley, 2000:105).  
One notable incident in the history of environmental damage assessment is the 
infamous Exxon Valdez oil spill in the Prince William Sound (Carson et al, 2003). 
This accident brought the issue of environmental damage assessment before the US 
courts. The US Oil Pollution Control Act of 1990 which resulted clearly indicated a 
change in mindset towards a more responsible attitude with regard to the 
environment (Carson et al, 2003). The Act also made lost passive use values a 
legally legitimate entity, thereby attaching liability to the polluter for environmental 
damages.  
CBA is firmly grounded in welfare economics. Firstly, the way gains and losses are 
measured is welfare-theoretic. Specifically, consumers‟ benefits (costs) from a 
policy/project are measured as increases (decreases) in consumers‟ surplus and 
producers‟ benefits (costs) as increases (decreases) in producers‟ surplus (Hanley, 
2000:108). Willingness to pay, or willingness to accept, can be used as money 
measures for the exogenous change in public goods (Hanley, 2000). Opportunity 
costs can also be used to determine welfare changes.  
Secondly, CBA is based on welfare economics in relation to what is classified as a 
benefit or cost. Welfare economics evaluates resource allocations based on their 
effects on utility, so CBA incorporates any “relevant” impact on utility, be it positive or 
negative, regardless of whether a market price exists for that impact (Hanley, 2000).  
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Finally, the aggregation of benefits and costs in CBA is linked to welfare economics. 
CBA is social analysis of a policy or project, so all the parties impacted must be 
identified and the gains and losses across society must be ascertained. This 
measurement is problematic in the sense that interpersonal comparisons among 
different groups are difficult because the assumption that gains and losses of utility 
are equally socially valuable at the margin is incorrect in most cases (Hanley, 2000). 
One solution to this problem is the attachment of weights to, say, increase the value 
of net benefits to the poor. This introduces its own problems (specifically with regard 
to the magnitude of the weights), but can go a long way to recognising the societal 
impact of increases or decreases in welfare for different groups.  
The summation of money benefits and costs as a measure of the change in social 
welfare is based on the Kaldor-Hicks criterion, which asks: can the gainers from the 
project/policy compensate the losers and still be in a better position? (Hanley, 2000). 
This criterion allows for the separation of the issues of efficiency and distribution, so 
that if total benefits are greater than total costs, „to whomsoever they accrue‟, the net 
impact on society is an increase in social welfare. The question of distribution of 
benefits can then be dealt with separately, with negotiations between gainers and 
losers to arrive at an equitable solution. It is not without its critics, but it does provide 
a useful way for ascertaining the net effect on society. Of course, it cannot be used 
by government without reference and acknowledgement of who the gainers and 
losers are, but that is arguably one of the main purposes of government, to attempt 
to discover and protect (or compensate )those negatively affected.  
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2.3.1. APPLICATION OF COST-BENEFIT ANALYSIS  
2.3.1.1. STAGE 1: DEFINITION OF THE PROJECT/POLICY 
Defining the specific project or policy that will be analysed is the first step and 
includes (i) the reallocation of resources being proposed and (ii) the population of 
gainers and losers to be considered (Hanley, 2000:110). It is important to establish 
the level of aggregation of the population of affected people, be it local, regional, 
national or supranational. Occasionally, the affected population will be determined by 
law or institutional procedure. If legislation or institution provides no regulation, 
discretion is allowed. The time horizon of the project/policy must be defined. 
2.3.1.2. STAGE 2: IDENTIFICATION OF PROJECT IMPACTS 
Having defined the project, all the impacts of the project need to be identified. These 
impacts include listing all resources to be used, effects on unemployment, effects on 
local property prices and effects on the environment (including wildlife, birds, visual 
impacts, etc). Additionality and displacement are two important concepts in this 
regard (Hanley, 2000:110). Additionality refers to the net impact of the project, in 
other words, the ultimate contribution of the project to society. Displacement refers to 
the impact of the project with regards to other existing or potential projects. If the 
new project detracts from existing or potential projects, it can reduce the net benefits 
of this and/or the other projects. The time profile of the project impacts must be 
considered. Benefit and cost flows accrue at differing stages of a project‟s life, 
therefore it is important to know when the various project impacts occur. 
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2.3.1.3. STAGE 3: WHICH IMPACTS ARE ECONOMICALLY RELEVANT? 
The goal of CBA is to select projects which add to the total of social utility by 
increasing the value of consumables and such intangibles as nice views by more 
than their opportunity costs (Hanley, 2000). Positive impacts, or benefits, will be 
impacts which increase the quantity or quality of goods that increase utility or which 
reduce the price at which they are supplied. Negative impacts, or costs, will be 
impacts which do the opposite, i.e. decrease quantity or quality of goods that 
increase utility or increase the price at which they are supplied. These negative 
impacts include opportunity costs for the next best option forgone.  
The environment is included here. Simply put, any environmental impact is relevant 
to the analysis if it causes at least one person in the relevant population to become 
more or less happy and/or changes the level or quantity of output of some positively 
valued commodity (Hanley, 2000:111). The absence of markets for the 
environmental amenity, e.g. landscape quality, in question is irrelevant, so long as 
the impact affects the utility of any individual.  
Transfer payments are excluded for the most part in CBA, because the focus of 
attention is efficiency not distribution. There are, however, two exceptions. If a tax 
was designed to correct a market imperfection, then it is regarded as a shadow 
price. The other exception involves the attachment of unequal weights by 
government on the gainers and losers, causing the gains and losses to not cancel 
each other out (Hanley, 2000:112).  
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2.3.1.4. STAGE 4: PHYSICAL QUANTIFICATION OF RELEVANT IMPACTS 
Physical quantification involves the determination of the physical amounts of costs 
and benefits for a project, including when they occur. Costs and benefits will likely be 
realised at different times during the life of a project. “All calculations made at this 
stage will be performed under varying levels of uncertainty” (Hanley, 2000:112). This 
may lead to the need to attach probabilities to outcomes to determine the expected 
value for the costs and benefits. 
2.3.1.5. STAGE 5: MONETARY VALUATION OF RELEVANT EFFECTS 
To allow for comparison, all the physically quantified impacts need to be valued in 
common units, specifically, money. It is important to reinforce the idea that this use 
of money is merely a device of convenience and not an implicit statement that 
money is all that matters. The point is that money allows for comparison of different 
goods and services, e.g. comparing number of cattle to tonnes of concrete to hours 
of labour, and indicates the relative scarcity of the resources (Hanley, 2000:112). 
Having realised and accepted the valuable information that prices contain, the task 
for analysts is to: 
- Predict prices for value flows extending into the future 
- Correct market prices where necessary 
- Calculate prices (relative values in common units) where none exist (Hanley, 
2000:112) 
Future prices may change in real and nominal terms. Inflationary effects can push up 
prices in nominal, but not real terms. A CBA is undertaken with real prices, 
discounted at the real discount rate so that relative prices remain constant. Of 
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course, real prices can change as well, but predictions about what scarce items will 
be valued higher in the future involves uncertainty, e.g. it is almost impossible to 
predict whether wheat or maize will be more sought after in 20 years. 
In the real world, few markets functions in a perfectly competitive fashion. It may be 
necessary to adjust market prices in order to arrive at a true marginal social cost and 
marginal social benefit schedule. When this is the case, shadow prices should be 
used in the analysis. Three cases for using shadow prices are discussed: imperfect 
competition, government intervention in the market, and the absence of a market 
(Hanley, 2000:113). In an imperfect market, prices do not equal marginal costs and 
the analysts need to estimate shadow prices based on the marginal cost of 
production of the supplier. Government intervention in a market may also require the 
determination of shadow prices. A subsidised industry has inflated profits because 
prices are being held at an artificially high level. The prices in that market are poor 
reflections of the true marginal cost, and must be adjusted upwards accordingly. 
Finally, in the absence of a market, the analyst must find a proxy to the actual price 
being sought. This is often the case with environmental goods and services because 
they are not traded as distinct goods in markets. There are numerous ways of 
estimating their value, including the hedonic pricing method, the wage differential 
method, the cost of illness method and the contingent valuation method.   
2.3.1.6. STAGE 6: DISCOUNTING OF COST AND BENEFIT FLOWS 
As previously mentioned, the cost and benefit flows may be realised at different 
times and recognition needs to be made of the fact. In general, R1 today is worth 
more than R1 in a year‟s time. This is the basic idea behind discounting. “Due to the 
existence of a market interest rate, to impatience, and to risk, future costs and 
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benefits flows need to be converted into „present values‟ to make them comparable 
with each other” (Hanley, 2000:114). The present value (PV) of a cost or benefit (X) 
received at time t with a discount rate of i is 
PV = Xi [(1+i)
-t]          (2.1) 
Due to the significant influence discounting has on the outcome of the CBA, the 
choice of discount rate is a crucial one. The higher the discount rate, i, the more 
weighting is given to current costs and benefits. For example, if a project has high 
benefit flows in the future, but high cost flows initially, it may be deemed unfeasible 
based on a high discount, but if the discount rate were low, it may become a feasible 
and attractive project. 
2.3.1.7. STAGE 7: APPLYING THE NET PRESENT VALUE TEST 
The final decision to accept or reject a project based on CBA is made by applying 
the net present value test. This criterion requires that the sum of discounted benefits 
be greater than the sum of discounted costs. If so, the project can be regarded as an 
efficient allocation of resources, given the available information. Mathematically, 
NPV =         
  -         
         (2.2) 
Where: 
NPV = net present value 
Bt = benefit in year t 
Ct = cost in year t 
  = discount rate 
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(∑ over the life span of the project, from start, t=0, to finish, t=T) 
Decision rule: If and only if NPV > 0, accept the project, otherwise, reject. Any project 
passing the NPV criterion is seen as an improvement in social welfare. 
Two alternatives to the NPV test are the internal rate of return (IRR) and the benefit-
cost ratio. The IRR is frequently used in financial investment appraisal. “It is the rate 
of interest which, if used as the discount rate for a project, would yield a NPV of zero, 
and is interpreted as the rate of return on the resources used up in the project” 
(Hanley, 2000:115). Mathematically, 
0 =         
  -         
          (2.3) 
Decision rule: For the acceptance of the project/policy, the IRR must be greater than 
the social discount rate (Brent ,1996). When compared with the market interest rate 
(opportunity cost of money), it can indicate the attractiveness of an investment or 
project. There are two significant problems with the IRR. Firstly, multiple IRR‟s can 
often be determined from the same data set. This occurs when the project‟s net 
benefit flows change sign over the lifespan of the project. Secondly, the IRR only 
compares projects against the opportunity cost of funds. It is less reliable to rank 
projects by IRR‟s then by NPV‟s, and may result in incorrect decisions (Hanley, 
2000:115).  
The benefit-cost ratio (BCR) is the discounted (present value) benefits divided by the 
discounted (present value) costs.  
BCR= 
        
  
          
          (2.4) 
Decision rule: If and only if BCR > 1, then accept, otherwise, reject. 
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An optional part of this stage involves changing the weights of the variables in the 
NPV function (Hanley, 2000:115). Governments may be interested in weighting 
benefits to the poor more heavily than benefits to the rich. This can dramatically alter 
the outcome of the CBA: 
NPV = w1B1 + w2B2 + ... + wnBn        (2.5) 
Where Bi is the net benefit to group n. Weighting is not without its problems. There 
are difficulties in determining the magnitude of the weights, as well as in defining the 
groups and determining the impact on those groups (Hanley, 2000:116). 
2.3.1.8. STAGE 8: SENSITIVITY ANALYSIS 
A CBA is an empirical application of economic theory. As with any empirical study, 
the validity of the results is a function of the data set used. Predictions and 
valuations cause uncertainty. Unfortunately, this uncertainty is an unavoidable 
consequence looking into the future, which is the point of any project or policy 
evaluation. Uncertainty is especially prevalent in the case of environmental policies, 
where the exact consequences of any action are harder to know and more 
widespread.  
As a result of this uncertainty, a necessary final step in any CBA is to conduct a 
sensitivity analysis. By systemically allowing key discretionary elements to change 
over some reasonable range of possibilities, it is possible to identify which factors 
are most important and will have the greatest effect on the NPV of the project. 
Having identified the key elements (i) forecasting effort can be directed at these to try 
to improve the best guess scenarios and (ii) more effort can be made, where 
possible, to limit the potential negative impact of them when the project is underway 
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(Hanley, 2000:117). Some important variables include the discount rate, the physical 
quantities and qualities of inputs and outputs and their shadow prices and the 
lifespan of the project. 
2.3.2. PROBLEMS WITH COST-BENEFIT ANALYSIS  
The main problems with the CBA approach to decision making are as follows 
(Hanley, 2000:120): 
 The valuation of non-market goods, such as wildlife and landscape. The 
determination of explicit values for previously implicitly valued goods is 
controversial and difficult.  
 Ecosystem complexity. The relationships between all the parts of an 
ecosystem are not fully understood. Scientists and researchers are improving 
the understanding of these dynamic relationships, but, there is still a 
considerable amount of information missing. Many of the economists‟ 
projections and inferences are made based on assumptions about the system 
in question. 
 Discounting and the discount rate. Discounting is a controversial procedure. 
Should we discount future benefits and costs, based on the notion that “a 
dollar today is worth more than a dollar tomorrow”? Does this amount to 
disadvantaging future generations?  
 Institutional capture. A more cynical problem with CBA is that institutions 
could utilise and manipulate the procedure to achieve their desired ends. 
There are many ways in which CBA can be biased in order to arrive at a 
favourable result, such as choosing favourable discount rates or pumping up 
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advantageous impacts. Owing to the technical nature of the analysis, it may 
be difficult for non-experts to see how the end result was manipulated.  
 Sustainability and CBA. “CBA is concerned with the efficiency of resource 
allocation, whilst sustainability is an intra- and intergenerational fairness 
issue” (Hanley, 2000:120). A project may pass the CBA NPV test as an 
efficient allocation of resources, but that does not imply the project is 
sustainable, and vice versa. CBA allows for explicit trade-offs to be made 
between man-made and natural capital, so volitions of the goals of 
sustainability are possible.  
 Ethical considerations. There are ethical problems that need to be highlighted. 
For example, should the environment always be considered as a consumptive 
good? Evidence suggests that some people do not value the environment in 
an “economically theoretic” way. A “rights-based” ethic individual may oppose 
a project because they see it as their moral duty to protect the area that will 
be damaged, whereas, for a “utilitarian” driven individual, any efficient 
allocation of resources is supported (Hanley, 2000:121). If people are more 
“rights-based”, then the Kaldor-Hicks principle of compensating losers does 
not apply, because “rights-based” people cannot be compensated for some 
environmental impacts. 
 Uncertainty. Similar to ecosystem complexity, but more pervasive, uncertainty 
refers to the lack of definite and predictable states of the world. One of the 
major issues receiving attention in this regard is climate change (Hanley, 
2000; Tol et al, 2000). Scientists and researchers do not know what exactly 
the impacts of certain courses of action will be and the dynamic nature of 
32 
 
interactions create a situation where it is not possible to know all potential 
outcomes. Uncertainty is always present in CBA.  
2.4 ENVIRONMENTAL VALUATION AND THE CONTINGENT VALUATION 
METHOD  
The environment is the most fundamental resource that we have. It acts as both a 
resource provider and waste receptacle. However, many of its resources do not have 
monetary values, e.g. beautiful views, clean water, clean air, etc. Also, most of its 
resources are public goods with no, or difficult to allocate, property rights. Public 
goods have two important characteristics, namely non-excludability (once provided 
to one, cannot be withheld from anyone else) and non-rivalry (one person‟s 
consumption does not affect the amount that others can consume). This public good 
nature of the environment has led to overexploitation as firms use up more 
environmental resources and dump more waste. This situation has received a lot of 
attention in recent times, with the modern environmental movement having started in 
the 1960‟s (Davidson, 2005).  
In order to have these non-monetary impacts recognised by firms and governments, 
it became necessary to attach monetary values to attributes of the environment. 
There are some problems associated with monetary valuations, notably, the moral 
and ethical problems of assigning a value to a human life. However, it should be 
obvious that without explicit inclusion of non-monetary factors, any policy or analysis 
will fall short of its goal of seeking social optimality. Valuation of these non-monetary 
impacts involves the important implicit assumption that the individual possess all the 
relevant information necessary regarding the effect of environmental amenities, 
either negative (for example, pollution on health) or positive (for example, outdoor 
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recreation on level of enjoyment) on their welfare to make informed rational 
decisions (Schecter, 1995). This assumption is not always valid, as people have 
misconceptions about the actual effects of environmental changes. Although this is a 
theoretical stumbling block, it is not really much different from a common market 
transaction of buying a car or television, where the technical aspects of the good is 
not known or completely understood by the purchaser. If we accept that valuation of 
non-monetary characteristics is a realistic and plausible method, while noting its 
drawbacks, we have means of comparison for any project or policy. 
There are two categories of valuation methods, namely direct (stated preference) 
and indirect (revealed preference) methods. Indirect methods involve finding a proxy 
or market equivalent for the good or service being valued that has an observable 
price i.e. indirect methods are based on observable market behaviour. Direct 
methods involve the surveying and questioning of individuals to discover their stated 
preference or valuation for an environmental good or service. A very brief summary 
of the main valuation techniques is provided below, along with a comprehensive 
overview of the valuation technique used in this dissertation, namely the contingent 
valuation method. 
2.4.1. INDIRECT METHODS 
Expenditure made in order to “avert” the negative impacts of an environmental or 
other non-market goods can be used as a proxy for the value of that good. The 
“averting costs” approach makes use of the reactive and proactive expenditure by 
individuals to remedy or prevent an environmental “bad”.  
The differences in wages across countries, cities and industries can be used in an 
indirect approach to non-market valuation. For example, suppose there are two jobs 
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in similar in all respects except that in one the risk of death is higher. Eventually, one 
expects that the wage to the riskier job will increase relative to the less risky job. 
Using this concept, in a much wider scope, it is possible to determine the value 
attached to risk in the workplace, as is done through industrial wage rate studies 
(Field, 2003). 
The Hedonic Method aims to determine the hidden values of environmental and 
other non-market amenities as part of the total price paid for properties. Real estate 
characteristics such as plot size and distance to city centre are not traded 
individually, but as part of a bundle of characteristics which represent that particular 
property (Humavindu and Stage, 2003:395). Therefore, by comparing properties with 
certain characteristics in common, the differences in prices can be explained by the 
non-similar characteristics.       
Travel cost was one of the first approaches used by economists to value non-market 
goods and amenities (Field, 2003). The amount paid by individuals to visit 
environmental safe havens and recreational areas can be used as proxy for the WTP 
for the area being visited. The travel costs are the cost that the individuals must 
actually pay in order to gain access to that good, such as fuel costs, entrance fees 
and toll fees. 
2.4.2. DIRECT METHODS 
Environmental valuation through direct methods involves asking individuals to 
indicate their WTP or WTA using questionnaire surveys. Stated preference valuation 
is another term for direct valuation and has been extended in recent years to include 
any method which aims to elicit valuations of an environmental asset, either explicitly 
or implicitly, through an appropriately constructed set of queries (Schecter, 1995:88). 
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Contingent valuation is the main method of direct elicitation of values. This method 
involves describing a scenario (on which the valuation is “contingent”) to the 
respondent, who then provides an indication of their WTP/WTA. Two primary 
assumptions of direct valuation methodology are that consumers are the best judges 
of their own interests and that consumers rank their preferences in a rational and 
knowledgeable manner (Schecter, 1995). There are problems with using a 
hypothetical market and valuation in decision-making and some of the biases and 
other problems are discussed later in this chapter. It is worth noting that the CVM 
has become widely accepted, provided certain guidelines are adhered to, by the 
economic community and has played a major role in the debate on non-use benefits 
(Schecter, 1995:93). There is, however, still controversy regarding the theory, 
application and findings of CV studies (Hanemann, 1994; Diamond and Hausman, 
1994).   
2.4.2.1. APPLICATION OF THE CONTINGENT VALUATION METHOD 
2.4.2.1.1. STEP 1: SETTING UP THE HYPOTHETICAL MARKET 
Questionnaire design – purpose and attitude 
The first step in the CVM is to design a questionnaire. The questionnaire must be 
designed in accordance with prescribed guidelines and principles (Arrow et al, 1993). 
Respondents must be made aware of the context of the CV question, as well as the 
implication or meaning of their responses. Interviewees must be willing participants 
in the CV so that well-trained interviewers can elicit meaningful responses. A realistic 
context is vital so that respondents can answer as truthfully and realistically as 
possible. For example, interviewers should explain who they are, the organisation on 
which‟s behalf the CV is being undertaken and their affiliation to said organisation. 
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Respondents should be assured that their responses will be confidential to 
encourage honesty or remove incentives for dishonesty. Attitudes to general issues 
concerning the good in question should be determined. The questionnaire should be 
as concise as possible to prevent “yea-saying‟ by respondents trying to end the 
interview. The questions need to relate to situations that the respondents can 
understand and which affect them (Hosking et al, 2004). 
The valuation scenario 
The valuation scenario defines the good in question and the nature of the change in 
the provision of that good (Arrow et al, 1993). This scenario is what will be valued by 
respondents. It should correspond with a potential future event and not one that has 
already occurred. Information overload must be avoided, so that respondents do not 
become overwhelmed or confused about what exactly they are being asked. Poorly 
defined scenarios result in meaningless answers. Belief by the respondent that the 
response will influence the eventual decision is important for the credibility of the 
scenario. Careful design of questions is of utmost importance in order to reduce 
errors induced by the hypothetical nature of the method.  
The payment vehicle  
The payment vehicle describes the way in which (hypothetically) the respondent is 
expected to pay for the good. An appropriate payment vehicle is credible, realistic, 
relevant and acceptable. Payments could be coercive (national tax, user fee, etc) or 
voluntary. Although respondents are often hostile towards taxes, this method of 
payment is often the most realistic. A payment vehicle utilising a voluntary 
contribution may induce free-riding behaviour.  
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Although it has been well documented that the WTP framework is the preferred 
format in CVM studies, the WTA elicitation method was employed in this study, given 
the perceived property rights of individuals in this particular context (Groothuis et al., 
2008). It has been suggested by Inhaber (1992) that due to a reluctance to infringe 
on perceived property rights (based on politicians‟ concerns about remaining in 
office) the status quo becomes the default property right when choosing a project‟s 
location that will give rise to the NIMBY syndrome.  WTA thus becomes the 
appropriate measure when individuals perceive that the status quo defines the 
property rights (Groothuis, et al., 2008). 
Respondent characteristics and questionnaire design 
Respondent characteristics are an important part of CV questionnaire design. There 
will likely be relationships between stated values and individuals‟ characteristics. The 
following are likely to be important (Hosking et al, 2004): 
 Use made of the good 
 Attitudes towards the good 
 Attitudes towards the whole scenario 
 Budgets 
Where the expected relationships are confirmed, they lend credibility to the results of 
the survey. 
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2.4.2.1.2. STEP 2: ADMINISTERING THE SURVEY - METHODS AND 
INTERVIEWER EFFECTS 
There are many ways of administering a survey. Mail, telephone and face-to-face 
interviews are options, with the last being the most preferable. This is because mail 
surveys suffer from high non-response rates and telephone surveys suffer from 
difficulties in communicating effectively. Face-to-face interviews are generally 
regarded as the best method from an information gathering standpoint (Arrow et al, 
1993). However, they are also the most costly, both in time and money. Interviewers 
need to be well informed and neutral so as to reduce interviewer bias (Hanley and 
Spash, 1993). 
Eliciting valuations 
The CV method simulates a market for a non-market good. The WTP or WTA 
question aims to elicit the maximum amount the good is worth to the respondent. 
From this response it is possible to deduce the respondent‟s consumer surplus for 
the good being valued and an average sample respondent WTP/WTA for the good. 
Additional questions are asked of the respondents in order to statistically explain the 
WTP/WTA offered by respondents. 
Regardless of the chosen format, respondents must be reminded to keep their 
budget constraints in mind. They must be aware of the need to make compensating 
adjustments in other expenditures to accommodate their outlays, if these are 
indicated. Possible substitutes should also be mentioned for the good in question. 
Questions to try uncover motives behind WTP/WTA amounts should be used. 
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Types of questions applied in CVM 
There are many types of questions that can be used to elicit responses from 
respondents. The types most frequently used are (Hanley and Spash, 1993): 
 Open-ended elicitation 
 Close-ended (single-bounded) dichotomous choice  
 Double-bounded dichotomous choice 
 Modified dichotomous choice 
 Bidding game elicitation 
 Payment card elicitation 
When an open-ended format is used the respondent is not given a price to accept or 
reject. Asking respondents to give a monetary valuation in response to an open-
ended question presents them with an extremely difficult task (Arrow et al, 1993). A 
more manageable task is presenting respondents with a specific money value to 
accept or reject (a close-ended format). However, the latter approach also has 
difficulties associated with it, for instance, the creation of anchoring bias (Wattage, 
2001). 
The close-ended format is the preferred method in literature because it simplifies the 
decision the respondent is being asked to make and this format corresponds more 
closely to the way in which real purchase decisions are made (Hanley and Spash, 
1993). The type of question linked to the close-ended format is called a dichotomous 
choice question. The respondent is presented with a value and asked for a “yes/no” 
answer to whether or not that amount would be paid or accepted by the respondent. 
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This is the single-bounded variety, with the double-bounded type employing an 
additional “yes/no” question, based on the initial response. For example, if the first 
WTP amount had received a “yes”, the bid is increased and the respondent is asked 
to respond to this higher bid amount with a “yes/no” answer (Hanley and Spash, 
1993). 
A further extension of the dichotomous choice method is to continue with this 
iterative bidding process until a final price is reached – called the bidding game 
method (Wattage, 2001). The bidding game is identical to normal auctions and, 
therefore, familiar to respondents. This method is modeled on the real-life situation of 
individuals reaching an agreement on prices. This format is best exploited with 
personal interviews, although telephone interviews may be used.  
Another popular way of presenting the WTP/WTA question is by the payment card 
method (Mitchell and Carson, 1989). It retains the properties of the direct question 
approach while increasing the response rate to the WTP question by providing 
respondents with a visual aid. It specifies the increment or decrement in the value for 
the non-market good to be provided in quantitative terms. This format takes 
advantage of the properties of both open-ended and close-ended questions. It is 
open-ended in that WTP responses are elicited from a wide range of values. It is 
close-ended in that WTP has an upper and lower bound. Arguably the most 
important advantage of the payment card method is that it avoids the anchoring bias 
(Hosking et al, 2004). In terms of WTP outcomes the payment card method would 
seem most likely to generate similar results to the open-ended and bidding game 
question formats. 
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2.4.2.1.3. STEP 3: CALCULATING THE AVERAGE BID – VALID AND INVALID 
RESPONSES  
Respondents‟ bids are collected using one of the question types. These bids must be 
aggregated and an average WTP/WTA bid per respondent determined. The median 
measure is unaffected by very large and very small bids (i.e. outliers) and is often 
favoured over mean measures for this reason (Hanley and Spash, 1993).  
Valid responses must first be distinguished from invalid ones, for example, so-called 
protest zeros. This distinction can be made with the use of follow-up questions. 
Some discrepancies in the answers given by the respondents can sometimes be 
identified using follow-up questions. There may be significant protest about the WTP 
for a certain good. Protest bids are refusals to answer the valuation question or zero 
bids when WTP is actually greater than zero (protest zeros). A similar problem may 
occur with unrealistically high bids. Ways to minimise protest bids include (Hosking 
et al, 2004): 
 Avoiding open-ended question formats 
 Asking why a zero WTP was offered 
 Comparing very high bids with respondent‟s uncommitted income 
 Sensitising interviewers to identify protest bids 
 Inferring the WTP of any respondent who does not answer the valuation 
question but answers other questions 
 Deleting non-respondents and adjusting the sample to reflect any change in 
representativeness 
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Follow-up questions can help in clarifying motives for answers and also can be used 
to test the credibility of the scenario. Such questions may ask about the respondents‟ 
interests in the good in question, about the need for public consultation and about 
the perceived credibility of the institution hypothetically charged with providing the 
good. 
2.4.2.1.4. STEP 4: ESTIMATING A BID FUNCTION 
Information collected using questionnaires will allow for the estimation of bid 
functions. These bid functions are estimated by relating WTP/WTA to various 
characteristics of respondents. The main purposes of estimating bid functions are to 
check if responses statistically correspond with what would be expected and 
generate predictive models.   
2.4.2.1.5. STEP 5: AGGREGATING DATA AND IDENTIFYING BIASES 
Aggregation is the process whereby the mean bid or bids from a sample are 
converted to a population total value figure (Hanley and Spash, 1993:56). There are 
three issues that affect decisions regarding aggregation.  
The first issue is the choice of the relevant population. This should have been 
addressed when determining the sample to be used in the CV. The relevant 
population includes i) all those whose utility will be significantly affected by the action 
or ii) all those within a relevant policitical boundary who will be affected by the action 
(Hanley and Spash, 1993). A decision must be made over the extent of the affected 
population so that aggregation accurately reflects the actual total value of the good in 
question. 
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The second issue is moving from the sample mean to a mean for the total population 
(Hanley and Spash, 1993). The sample mean could be multiplied by the number of 
households in the population, but this may result in unintentionally biased results. 
For instance, the sample might have higher income levels or lower levels of 
education than the population. If population value estimates are available, they can 
be inserted into the bid curve for the sample, to determine population means. 
Thirdly, the choice of time period over which the benefits should be aggregated must 
be made. Benefits are normally discounted if the present value of environmental 
benefit flows over time is of interest. If an irreversible environmental loss is involved, 
then the present value of benefits is calculated by taking a perpetuity (Hanley and 
Spash, 1993: 57). Whenever decisions about project involve significant time periods, 
society is faced with the choice between present preferences and future preferences. 
This choice between the present and future necessitates discounting.    
2.4.2.1.6. BIASES 
Strategic bias 
Respondents may understate their WTP/WTA for a welfare-improving change 
because of non-excludability in the consumption of environmental goods, the free-
rider problem. “By paying nothing, the free rider enjoys some benefits from 
improvements so long as someone states a willingness-to-pay higher bills, which is 
then translated into positive and better” environmental quality (Hanley and Spash, 
1993:58). Steps have been suggested for minimizing strategic bias (Hanley and 
Spash, 1993): 
 Remove all outliers 
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 Stress that payment by others is guaranteed 
 Conceal others‟ bids 
 Make the environmental change dependent on the bid 
 Use a referendum format 
 Personal or telephonic interviews instead of mail surveys 
Design bias      
A CV study‟s design includes the way information is presented, the order of the 
presentation, the question format and the quantity and quality of information (Hanley 
and Spash, 1993). Various design features can create bias including: 
Choice of bid vehicle – more protest bids may be returned if the payment vehicle is 
unpopular, for example a tax or an entry fee for a previously “free access” nature 
area. For credibility, the most realistic and likely to be used vehicle should be 
presented.  
Starting point bias – the initial bid presented to respondents may be seen as 
“appropriate” and used as the basis for the respondent‟s eventual stated WTP  
Nature of information provided – respondents rely on the information provided in the 
interview to make their valuation of the good, so different information sets will yield 
different WTP values. However, this is not necessarily a problem, as different 
information sets will likely yield different values of any market goods. Perhaps 
inappropriately labeled as a “bias”, information provided to respondents needs to be 
carefully assessed as accurate and relevant. 
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Mental account bias 
This bias results from the over allocation of resources by individuals for 
environmental goods. The problem is that an individual may indicate a WTP of their 
entire “environmental budget”, thereby falsely stating a WTP for environmental 
quality in general as opposed to a WTP for the improvements resulting from the 
specific project in question. 
Hypothetical market error 
“This is said to occur if the very fact that respondents are asked for valuations in a 
hypothetical market makes their responses differ systemically from true values” 
(Hanley and Spash, 1993:62).If this is true, the systemic differences lead to over and 
under statements in valuations. This is not a bias so much as it is a random error, as 
argued by Mitchell and Carson (1989). The hypothetical nature of the constructed 
market means that people miss out on the true value of the good in question. 
 2.4.2.1.7. STEP 6: ASSESSMENTS FOR RELIABILITY AND VALIDITY 
The aim of a stated preference survey is to determine a respondent‟s WTP or WTA 
for the change in provision of a good (Bateman et al, 2002:78). In assessing the 
survey, the criteria of reliability and validity are used.  
Reliability refers to the degree of replicability of a valuation or to the low variation 
between results of different samples of the same population (Bateman et al, 
2002:78). Tests of reliability attempt to evaluate whether the survey can be relied 
upon to provide the same values if the survey was administered repeatedly (“the 
scientific method test”). 
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The variation across responses provides one test of reliability. Low variation is 
considered to be more reliable. However, variability in responses can be due to a 
number of factors, including normal and expected differences in preferences and 
behaviours of individuals.   
Validity refers to the degree to which a survey succeeds in measuring the intended 
values (Bateman et al, 2002:79). The hypothetical nature of the CV studies requires 
tests of validity. The main difficulty in these tests is finding comparative yardsticks. 
The three main types of validity tests are tests for content validity, construct validity 
and expectations-based validity (Bateman et al, 2002:79). 
Content validity 
High content validity relies on the survey having descriptions and questions that are 
clear, reasonable and unbiased (Bateman et al, 2002:80). The goal is to encourage 
respondents to provide serious and truthful answers. Content validity is judged by 
subjective expert evaluation. Judgments are made about the whole study process 
including the aims of the research, the clarity, interpretation and plausibility of 
questions and the method of survey administration. There are specific questions that 
must be asked in assessing the content validity of a CV survey. It is worth noting a 
number of factors which characterize stated preference studies with low content 
validity (Hosking et al, 2004): 
 Inadequate sample size or poor coverage of the relevant population 
 Non-stratified or biased sampling methods 
 High survey or individual question non-response rates 
 Large number of “protest” bids 
 Prevalence of free-riding behaviour 
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 Inadequate responsiveness to the scope of the good in question 
 Valuation scenario and corresponding valuation task are poorly understood 
and/or have low credibility 
 The description of the change in the provision of the good is poorly 
understood and/or has low credibility 
 The relevant authorities are not trusted or they are considered to be of low 
competency or efficiency 
 Low explanatory power of responses in terms of theoretical or other 
expectations 
 Survey or post-survey respondents provide answers that indicate strategic 
behaviour may have affected responses 
Construct/convergent validity 
Construct or convergent validity compares different valuation techniques for 
consistency among estimates (Breedlove, 1999:10). Typically, results of the CV 
study are compared with (Hosking et al, 2004): 
 Results from revealed preference valuation methods, e.g. travel cost, hedonic 
 Results from other stated preference studies 
 Results from the analysis of actual or proxy markets 
There are difficulties in assessing convergent validity. Neither the CV study estimate 
nor the value against which it is compared can claim automatic superiority in being a 
naturally closer approximation of the “true” value (Bateman et al, 2002:82).  
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Expectations-based validity 
Before undertaking a CV study, there will be expectations about how the variables 
being utilised interact to increase or decrease WTP/WTA values. If these 
expectations are not realised, it may cast doubt on the validity of the study. 
In order to show expectation based validity, coefficients should have the expected 
sign and be significant. If the coefficients are found to be either insignificant or have 
the incorrect sign, the validity of the results is questioned and explanations need to 
be sought for these findings. Another test is comparing WTP estimates from different 
questions formats for consistency (Hosking et al, 2004). 
Expectation-based validity is the most common form of validity testing utilised in CV 
studies. Expectations that should be considered include (Bateman et al, 2002:83): 
 Price of the good 
 Respondent income 
 Quantity of the good 
 Scope insensitivity, as a result of satiation or “warm glow” 
 Embedding (or nesting)  
2.4.2.2. PROBLEMS ASSOCIATED WITH THE CONTINGENT VALUATION 
METHOD  
The CVM has been criticised by economists for a number of reasons. CV surveys 
may be vulnerable to response effects (Hanemann, 1994). Slight changes in 
phrasing or the word order of a question can have a significant effect on the 
responses. Respondents may become impatient, disinterested or tired while they 
formulate answers to questions they have never contemplated. Interviews “governed 
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by social and linguistic norms”, can generate responses that the respondent believes 
the interviewer is looking for, i.e. “satisficing agents” (Hanemann, 1994:26). Three 
response phenomena have been recognised. Order effects occur when the ordering 
of questions creates a bias, often towards the first item in a list. Framing or meaning 
effects occur when the interviewer expected a question or scenario to be seen in a 
certain way, but respondents see the situation differently to the interviewer, based on 
subjective connotations or perceived substantive differences (Hanemann, 1994:27). 
Recall effects arise from the inherently difficult task being asked of respondents. 
Respondents are forced to use past behaviour and events to determine an estimate 
that they believe will be seen as “acceptable”. This can involve rounding, telescoping 
and other inferential strategies which can discredit results (Hanemann, 1994). The 
difficulties here are hard to avoid entirely because of the highly nuanced and 
dynamic nature of human conversation. 
The CV process itself has been criticised as creating the values it seeks to measure 
(Hanemann, 1994). This view is that the respondent does not have a real value (or a 
reasonable idea of what that real value is) for the good in question and that this 
value is made up during the course of the interview. The fundamental issue here is 
whether the respondents are stating their true economic preferences or just making 
up a number. There is a fair amount of psychology involved in this, based mainly on 
individuals‟ decision processes and whether “top-down” or “bottom-up” decision-
making is utilised (Hanemann, 1994:28). The crux of the matter is not whether 
individuals‟ preferences are a “construct” of the mind (because clearly they are), but 
whether or not this construct is stable and can be analysed to make relevant 
economic decisions. The evidence, from test-retest studies, indicates there is 
consistency in these constructs (Hanemann, 1994; Carson et al, 1994). 
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The valuing of the environment has been seen as being beyond the capabilities of 
ordinary people (Hanemann, 1994). It is interesting and worthwhile to note that most 
individuals do not have complete information about the environment and impacts on 
the environment. An individual will make their voting or purchase decision based on 
their unique information set which includes past experiences, prior knowledge and 
information given in the survey. Making subjective judgment calls on which 
respondents‟ responses are more valid and useful essentially involves ranking the 
importance of responses, which is ethically questionable. The level of information 
that the respondent had prior to the interview is worth asking about, but not to the 
point of disregarding responses from individuals unfamiliar with the situation. Many 
decisions (for example, the purchase decision regarding a new car) are made with 
incomplete information, but these decisions are still clear and meaningful in the real 
world.  
The limited scope to verify responses is another criticism of the CVM (Hanemann, 
1994). Some critics reject the use of CV because they perceive the results as 
incompatible with economic theory (Hanemann, 1994). For example, Diamond and 
Hausman (1994), say that respondents should not think about “what‟s good for the 
country” because this reflects “warm glow” rather than “true economic preferences” 
(Hanemann, 1994). This is difficult to reconcile with the belief that in economics 
individuals attach value as they see fit, not by some prescribed rules. As Becker 
(1993:386) wrote, “[I]ndividuals maximise welfare as they conceive it, whether they 
be selfish, altruistic, loyal, spiteful or masochistic” (Hanemann, 1994:33). 
A more striking criticism is that of “embedding” (Hanemann, 1994). In economic 
theory, an individual‟s willingness-to-pay for a good is related to the quantity of the 
good. One expects an individual to have diminishing marginal returns. However, it 
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has been argued, that in CV studies “you get the same willingness-to-pay if you 
value one lake, two lakes or ten lakes” (Hanemann, 1994:34). Embedding involves 
three effects. The scope effect of embedding is the inadequate variation of WTP 
when the scale or scope of the item being valued is changed (Hanemann, 1994). 
The sequencing effect is the assertion that “what is valued first is valued most”; so 
that the first item is valued more highly than the last item, regardless of their true 
value (Hanemann, 1994). The sub-additivity effect occurs when the total WTP for a 
number of changes in goods is less than the sum of the individual WTP for each 
change (Hanemann, 1994). These weaknesses with the CVM are noted and 
allowances made for them.  
2.5 CONCLUSION 
This chapter examined the theoretical and methodological issues related to the 
valuation of environmental services and amenities, as well as the issues related to 
the economic appraisal of the viability of a potential project. Attention was given the 
application of both the contingent valuation method for environmental valuation and 
the cost-benefit analysis approach to project evaluation. The discussion focused on 
the numerous issues surrounding these topics including, survey administration, 
estimation of value, identification of biases, discounting and sensitivity analysis. Also, 
the major problems associated with the two techniques were presented. 
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CHAPTER THREE: RESULTS OF APPLYING THE CONTINGENT VALUATION 
METHOD TO VALUE THE INDIRECT COSTS ASSOCIATED WITH THE 
ESTABLISHMENT OF A WIND FARM IN JEFFREYS BAY 
3.1 INTRODUCTION 
Chapter Three describes the data collected at the study site. The format of Chapter 
Three is as follows: the descriptive statistics are presented and discussed, followed 
by a description of the selected variables in the multiple regression analysis. 
Following this, the estimated WTA offer function is reported on. The statistical model 
used for this purpose was the binary choice Logit model. Issues regarding validity 
and reliability will also be addressed. A WTA compensation estimate for loss of living 
appeal among the households in the area is determined through the use of the 
Cameron (1988) technique, as presented in Groothuis (2008).  
3.2 DESCRIPTIVE STATISTICS 
3.2.1 STUDY SITE AND SAMPLE SIZE DETERMINATION 
The target population in this application of the CVM was defined to be all the people 
in the closest residential area to the wind farm. This residential area was identified as 
the suburb of Wavecrest, in the town of Jeffrey‟s Bay, Eastern Cape, South Africa 
(shown in Figure 3.1) (Lochner et al., 2008). Through correspondence with the Town 
Planning Department for the Kouga Municipality, it was determined that this area 
was comprised of 4348 plots, with 3349 registered as developed plots (Duvenage, 
2009). These developed plots represent the population in question, i.e. the target 
population was assumed to comprise of 3349 households.  
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Figure 3.1: Location of Jeffrey’s Bay, Eastern Cape, South Africa 
Source: ART, 2009 
Once the target population was identified, the appropriate sample size was 
determined. Sample size determination is an important factor when conducting 
studies of this nature. If the sample size is too small it undermines the reliability and 
credibility of the statistical tests for the significance (Hair, Anderson, Tatham and 
Black, 1998). The sample must represent the entire population.  
The sample size for the Wavecrest population was determined by employing the 
following formula: 
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n =  
 
      
  where                   (3.1)                                                                                            
n = sample size                                                                                                            
N = population size                                                                                                       
e = level of precision 
Using the above equation, the sample size was determined with a level of precision 
of 7.25%. This level of precision ensured a representative sample from the 
population, because the generally accepted level of precision for representative 
samples is 10% or less (Fink, 2003). A sample of 180 respondents, representing 
5.4% of the target population, was collected. Face-to-face interviews were conducted 
following the guidelines stipulated by NOAA (Arrow et al., 1993). These interviews 
were conducted in the period January 2010 to March 2010.  
3.2.2 SOCIO-ECONOMIC PROFILE OF RESPONDENTS 
The socio-economic averages of the respondents are summarised in Table 3.1. The 
average age of the respondent was 59.3 years, with an average education of 12.85 
years. The average years resident in Jeffrey‟s Bay was 8.95. Although the average 
number of children of respondents was 2.25, the average household size was only 
2.73 people, the result of the high percentage of older, retired individuals. Of the 
respondents, 53.9% indicated they were retired. The average income of respondents 
was R131889.88, while average monthly expenditure on electricity was R490.37 per 
household. The average respondent was a nearly retired, relatively well-off and well-
educated individual, having lived in Jeffrey‟s Bay for almost 9 years.   
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Table 3.1: Socio-economic profile of respondents 
Age 59.3 years 
Education 12.85 years 
Number of children 2.25 
Household size 2.73 
Retired 53.89% 
Employed 30.56% 
Years resident in Jeffrey‟s Bay 8.95 years 
Monthly electricity bill R490.37 
Gross annual income R131889.89 
 
3.2.3 BEHAVIOURAL AND ATTITUDINAL PROFILE OF RESPONDENTS 
The behavioural and attitudinal variables are summarised in Table 3.2. Of 
respondents, 72.8% indicated that they had heard about the project, suggesting that 
details of the project were well communicated to the local public. This is a vital 
attribute as poor planning and cooperation with the local population has been cited 
as a reason for negative attitudes towards wind farm establishment (Dimitropoulos & 
Kontoleon, 2009:1846). The levels of involvement with environmental organisations 
(conservation and protection groups, etc) were very low. Of the respondents, 2.2% 
were members of such organisations. Involvement with outdoor organisations 
(fishing, hiking and surfing clubs) were higher, but still not very prevalent, with 5.5% 
of respondents indicating associations of this type. Subscription to environmental 
and scientific publications was also low (6.7%), although this would likely be far 
higher if related internet sites were also considered. 
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Table 3.2: Behavioural and attitudinal profile of respondents 
Aware of project 72.78% 
Subscription to scientific/environmental publication  6.67% 
Member of environmental organisation 2.22% 
Member of outdoor organisation 5.56% 
Renewables should be government priority 99.44% 
Concern about dependency on fossil fuels 83.89% 
Concern about climate change 84.44% 
Concern about wind turbines‟ harm to views 20.56% 
 
Support for renewable energies was overwhelming, namely 99.4%, but it should be 
noted that, based on qualitative information acquired while conducting the surveys, 
this may be a function of discontent with Eskom and its problems as much as it is 
real support for these alternative energy sources. Of the respondents, 83.9% 
indicated that dependency on fossil fuels was a concern and 84.4% indicated that 
climate change was a concern. Concern for the impacts on the views of area was 
limited (20.6%) but present.  
3.3 RESULTS OF THE CONTINGENT VALUATION SURVEY VALUING THE 
INDIRECT COSTS ASSOCIATED WITH THE ESTABLISHMENT OF A WIND 
FARM IN JEFFREY’S BAY 
A Logit regression was used to predict the WTA for a wind farm in Jeffrey‟s Bay. In 
the Logit model, the dependent variable is a binary response variable. In this case 
the variable was whether or not the respondent voted in favour of the proposal. It 
estimates probabilities, rather than estimating actual values. Logit models make use 
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of maximum likelihood criterion in estimation procedures, as opposed to the ordinary 
least squares criterion (Gujarati, 2003).  
Table 3.3: Willingness-to-accept offers and responses 
Offer amount Number of “Yes” responses Percentage of “Yes” responses 
R1 26 86.67% 
R5 26 86.67% 
R15 27 90% 
R30 28 93.33% 
R50 29 96.67% 
R75 30 100% 
 
Respondents were asked whether or not they would accept the wind farm in return 
for the specified offer after the scenario had been explained. Different WTA offer 
amounts were used, as “it is crucial that the arbitrarily assigned sums be varied 
across respondents” (Cameron, 1988:355). The contingent valuation question in the 
survey was: 
Suppose to compensate individuals for accepting the wind farm in their area, 
electricity bills would be reduced by R XXX each month per household. Suppose this 
proposal is on the next election ballot. How would you vote on this proposal? 
Following the Groothuis (2008) approach, all “Don‟t Know” responses were treated 
as “No” responses. Table 3.3 reports the number and percentage of “Yes” 
responses. At the lowest offer amount, 4 respondents said “No” and at the highest 
offer amount zero said “No”. These results are interesting and indicate high levels of 
support for the idea of wind energy. Moreover, all (bar one) respondents indicated 
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that renewable energies like wind energy should be a priority for local and national 
government. Not all those concerned about dependency on fossil fuels were 
concerned about climate change, and vice versa, indicating that the link between 
fossil fuels and climate change may not be clear to all respondents. The “yes/no” 
responses indicate that respondents are behaving rationally. As expected, more 
respondents are in favour of the project at higher offer levels than at lower offer 
levels. 
3.3.1 DESCRIPTION OF SELECTED VARIABLES IN THE MULTIPLE 
REGRESSION ANALYSIS 
Fourteen variables were identified as likely to influence the acceptance of the WTA 
offer (Dimitripoulos (2008), Groothuis (2008), Ladenburg (2007), Kondouri (2009)). 
These were age of respondent, years of education of respondent, number of 
children, household size, whether the respondent was a retiree, whether the 
respondent was employed, years the respondent had been a resident in the town, 
average monthly electricity bill, gross annual income, awareness of project, concern 
about fossil fuel dependence, concern about climate change, concern about view 
shed impacts and the WTA offer amount.  
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Table 3.4: Description of selected variables in the multiple regression analysis 
Variable Description Expected 
sign 
 Dependent variable  
Vote Whether or not respondent voted in favour of 
proposal 
 
 Independent variables  
Age Age of respondent - 
Education Years of education  + 
Number of children Number of offspring of respondent + 
Household size Number of people living in the house + 
Retired Whether or not the respondent is retired - 
Employed Whether or not the respondent is employed + 
Years resident Number of years in Jeffrey‟s Bay - 
Monthly electricity bill Estimate of average monthly electricity bill - 
Income Gross annual household income - 
Aware of project Whether or not the respondent was aware of 
the project 
+ 
Concern about fossil 
fuels 
Whether or not the respondent was 
concerned about fossil fuel dependence 
+ 
Concern about climate 
change 
Whether or not the respondent was 
concerned about climate change 
+ 
Concern about view 
shed impacts 
Whether or not the respondent was 
concerned about negative view impacts 
- 
Logarithm of offer 
amount 
Logarithm of offer amount + 
 
Age was expected to negatively affect the probability of accepting the proposal, as 
older populations were expected to be more opposed to new wind developments 
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than younger populations (Groothuis, 2008, Ladenburg, 2008). The level of 
education was expected to be a positive sign, as the more educated the respondent, 
the more likely they were to realise the need for alternative renewable technologies 
for electricity generation (Dimitripoulos et al, 2009). Household size and number of 
children were expected to positively affect the probability of accepting the proposal, 
as concern about the state of the world being left to future generation and budgetary 
considerations would motivate acceptance (Kondouri et al, 2009). The expected sign 
of the retired variable was negative, because it is expected that the retirees value the 
scenery surrounding their retirement area and may have retired to the area based on 
scenic considerations (Groothuis, 2008). It was expected that employed respondents 
would be less likely to oppose the project based on view impacts because of their 
preoccupation with work. The longer the respondent had been living in Jeffrey‟s Bay, 
the more likely they were to oppose a development that affects the surrounding 
environment and scenery. Monthly electricity bills were expected to have a negative 
impact, as the higher the electricity bill, the smaller the percentage of the bill that will 
be compensated by the offer amount. Income was expected to have a negative sign, 
because higher levels of income would result in higher levels of environmental 
quality being desired (Field, 2003). Awareness of the project was expected to 
positively affect the probability of accepting the proposal, because the previous 
knowledge of the plan and its benefits would make garnering support the project 
much easier (Dimitripoulos et al, 2009). If the respondent is concerned about the 
dependence on fossil fuels and global climate change, one would expect that the 
wind energy project would be supported by that respondent. If the respondent was 
concerned about the impacts of the wind turbines on the scenery, one would expect 
that the project would be opposed by that respondent. Following Groothuis (2008), 
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the logarithm of the offer amount was used and was expected to have a positive 
sign, as the higher the offer amount, the more likely the respondent would vote in 
favour of the proposal.   
The significance of each variable was tested through the null hypothesis that its 
coefficient is equal to zero. Use was made of the p-value to accept or reject the null 
hypothesis. The p-value shows the lowest significance level at which the null 
hypothesis can be rejected (Gujarati, 2003). For the purpose of this study, a 
significance level of α = 10% for each variable was taken as acceptable rejection of 
the null hypothesis. 
3.3.2 WILLINGNESS-TO-ACCEPT FUNCTION AND REGRESSION RESULTS 
The Logit model estimated is presented in Table 3.5. This is the full model, with all 
variables included. The Logit model is described by the equation: 
L = ln( 
 
   
 )= βX          (3.2) 
Using the approach in Groothuis (2008): 
P(Yes) = 
 
       
          (3.3) 
Where  
βX = β0 + β1AGE + β2EDU + β3NOC + β4HHS + β5RET + β6EMP + β7RES + β8MEB 
+ β9INC + β10AWR + β11DEP + β12CC + β13HFL + β14logWTA    (3.4) 
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Table 3.5: Estimation results of the complete form of the WTA function  
Dependent variable: VOTE     
Model: Complete model     
Method: Binary Logit      
Variable Coefficient Std Error    z-Statistic p-Value 
Constant -3.443046 7.106472 -0.484494 0.6280 
Age -0.104962 0.095651 -1.097348 0.2725 
Education 0.420828 0.307629 1.367971 0.1713 
Number of children -0.423719 0.667948 -0.634359 0.5258 
Household size 0.548318 0.909011 0.603203 0.5464 
Retired 5.858084 3.348053 1.749699 0.0802 
Employed 1.591698 1.908724 0.833907 0.4043 
Resident 0.050533 0.080476 0.627927 0.5301 
Monthly electricity bill -0.000532 0.006549 -0.081296 0.9352 
Income 0.00000629 0.0000124 0.507996 0.6115 
Aware 0.416104 1.109954 0.374884 0.7077 
Concern about fossil fuel -0.077708 1.390771 -0.055874 0.9554 
Concern about climate change 3.020814 1.578312 1.913953 0.0556 
Concern about view impact -4.528003 1.211156 -3.738578 0.0002 
Log of offer amount 2.326141 0.945271 2.460818 0.0139 
McFadden R-squared 0.585284    
Log likelihood -49.19546    
LR statistic 57.58663    
p-Value (LR statistic) 0.00000    
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The following features stood out with respect to the fit of the complete model. The 
acceptably significant variables were whether the respondent was a retiree, concern 
about climate and concern about view impacts.  
The signs of the coefficients in the regression differed from the expected signs in 
some instances. The only statistically significant variable that had an unexpected 
sign is whether or not the respondent was retired. This is an interesting result as it 
has been proposed that people retiring to an area will be opposed to having wind 
turbines close by (Groothuis, 2008).This may indicate that retirees in Jeffrey‟s Bay 
are more supportive of renewable projects, but may also be a result of the lack of 
local experience with wind turbines. The other significant variables had the expected 
signs. Those concerned about climate change were more likely to vote in favour of 
accepting the wind farm, while those concerned about the negative impact on the 
view shed of the area caused by the wind turbines were less likely to vote in favour 
of the proposal. 
Using the significant variables, at the 10% level, as the independent variables, in a 
reduced model yielded a predictive model (see Table 3.6). In an application of the 
log-likelihood ratio test, to determine if the complete model or the reduced model 
was preferred, it was found that the latter was preferred. It was found that the log-
likelihood ratio statistic of 9.17 was smaller than the Chi-squared value of 18.31, 
corresponding to the upper 5% significance level with 10 degrees of freedom, thus 
the null hypothesis could not be rejected. 
This reduced model was then used to determine an estimate the median WTA.    
βX = β0 + β1RET + β2CC + β3HFL + β4logWTA      (3.5) 
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Table 3.6: Estimation results of the reduced form of the WTA function 
Dependent variable: VOTE     
Model: Reduced model     
Method: Binary Logit     
Variable Coefficient Std Error z-Statistic p-Value 
Constant 0.571764 1.121023 0.510038 0.6100 
Retired 1.809932 0.836649 2.163313 0.0305 
Concern about climate change 2.124368 0.878656 2.417749 0.0156 
Concern about view impact -4.354802 1.006436 -4.326954 0.0000 
Log of offer amount 1.800294 0.646914 2.782895 0.0054 
McFadden R-squared 0.492090    
Log likelihood -49.19546    
LR statistic 48.41715    
p-Value (LR statistic) 0.00000    
 
3.3.3 INTERPRETATION OF THE REDUCED MODEL RESULTS AND 
WILLINGNESS-TO-ACCEPT ESTIMATE 
The reduced model coefficients are summarised in Table 3.7. The interpretation of 
the coefficients is also discussed. 
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Table 3.7: The reduced model variables and coefficients 
Variable Coefficient Odds ratio Median value 
Retired 1.809932 6.11 1 
Concern about climate change 2.124368 8.37 1 
Concern about view shed impacts -4.354802 0.013 0 
Logarithm of offer amount 1.800294 6.055 1.326606257 
 
If the respondent is retired, the odds of voting in favour of the project increase by a 
factor of 6.11. 
If the respondent is concerned about climate change, the odds of voting in favour of 
the project increase by a factor of 8.37. 
If the respondent is concerned about the impacts on the view shed, the odds of 
voting in favour of the project decrease by a factor of 0.013. 
If the log of the offer amount increases, the odds of voting in favour of the project 
increase by a factor of 6.055. 
Using the Cameron (1988) technique, as presented in Groothuis (2008), an estimate 
of median WTA was calculated using the reduced model coefficients and the median 
values of the significant variables.  
WTA = exp (
                       
  
)       (3.6) 
Median values were used to reduce the impact of outliers in the data set. The 
distribution of the variables is likely skewed (especially income, monthly electricity 
bills), so the median is utilised as it “describes the centre of the data as the middle 
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point of the observations” (Miller, 2004:159).This implies that if the majority of 
responses were above (or below) the median, then the mean WTA estimate would 
be higher (or lower, respectively), than the median WTA estimate. 
The WTA per household was R12.21 per month or R146.52 per annum. When this 
household estimate is multiplied by the number of households in Wavecrest, 3349, 
the total indirect cost is calculated for the establishment of a wind farm in Jeffrey‟s 
Bay. The monthly indirect cost of the project calculated this way was R40,891.29, 
and annual indirect cost, R490,695.48.  
The McFadden R2 value of 0.492090 indicates that the model was well-fitted to the 
data, with almost 50% of the variation in the dependent variable explained by the 
four acceptably significant variables. 
3.4 QUALITY OF RESPONSES 
The survey was administered from mid-January to mid-March of 2010. Face-to-face 
interviews were used to elicit responses. The interviews lasted an average of 10 to 
15 minutes, with some taking close to 30 minutes. After the initial introduction of the 
researcher‟s affiliation and objectives, the wind farm project scenario was described 
with the aid of pictures. Following the explanation of the scenario, the respondent 
was then asked to answer 19 questions, with the last question providing an 
opportunity for the respondent to mention any aspects they thought warranted further 
investigation and any other comments they might have had. 
The Jeffrey‟s Bay area has a majority of Afrikaans speaking residents. Potential 
respondents who only spoke Afrikaans, or were unwilling to conduct the interview in 
English, were skipped because of the level of detail and information described in the 
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survey. Many respondents were Afrikaans speakers who were bilingual and able to 
communicate effectively in English. 
Jeffrey‟s Bay is well-known as a holiday destination and many houses in the 
Wavecrest suburb were locked up and uninhabited at the time of the survey. 
Through conversations with the residents it became apparent that many of the 
houses were holiday homes that were utilised for a very limited period of the year, 
e.g. a month or two. If a significant percentage of the houses are uninhabited for 
most of the year then the indirect costs associated with the wind farm project may be 
significantly lower, although holiday makers may put more value on the surrounding 
environment and their utility may be more negatively affected by the view shed and 
other impacts of the wind turbines.  
The suburb of Wavecrest houses an older community with many of the residents 
having retired from active employment. It is surprising that the overwhelming support 
for the wind project came from such a population because it has been claimed that 
older and especially retired persons were more likely to be against wind projects in 
their vicinity (Groothuis, 2008). Most respondents claimed concern for their children 
or grandchildren as a major reason for supporting renewable energies. Their 
concerns were about the state of the environment and the world being left to future 
generations. There is a lack of experience with regards to living with wind turbines in 
South Africa, although some respondents did mention they had seen wind turbines in 
the Western Cape, in the USA, in the UK and in continental Europe (Holland, 
Germany, etc).  
Respondents were supportive of the idea of IPPs. The recent issues associated with 
Eskom were the main reasons for this support. Specifically, issues like blackouts, 
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price hikes and perceived mismanagement were mentioned. In this context, some 
respondents thought that renewable projects were favourable because they involved 
a move away from the monopolistic practices of Eskom and the introduction of IPPs. 
Although a minority of respondents indicated support for nuclear power, the majority 
was against a local nuclear power station in the surrounding area and was far more 
in favour of local wind power. 
Inadequate compensation and concerns about the harmful view shed impacts were 
the most commonly cited reasons for respondents voting against the proposal. 
3.5 ASSESSMENT OF THE CREDIBILITY OF THE RESULTS  
3.5.1 VALIDITY 
Construct validity refers to how well a valuation method explains the values 
generated (Hanley and Spash, 1993:116). The goal is to evaluate the general 
acceptability of the model used. Three criteria were used to test for construct validity: 
 The model is well fitted based on the statistical significance of the model, 
specifically, the R2 value is greater than 15% (Hanley and Spash, 1993) 
 The reduced model contains the significant variables that it would be 
expected to 
 The signs of the coefficients in the reduced model are the expected signs  
Four ratings were constructed in terms of these criteria (Hosking et al, 2004): 
 Strong support: if all of the above criteria are met  
 Moderate support: if any two of the above criteria are met 
 Weak support: if only one of the above criteria is met 
 No support: if none of the above criteria are met 
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The reduced model passes the first criterion, with its R2 > 15%. The second criterion 
is met. Specifically, the expected significant variables (based on Groothuis, 2008) 
are attitudinal variables as well as whether the respondent is a retiree and the 
logarithm of the offer amount. This is the case and so the model passes the second 
test. The third test is more complicated, but does not necessarily indicate a lack of 
construct validity. The significant variables have the expected signs, with the 
exception of the retired variable. It was expected that having retired in the area 
would make respondents less likely to accept the wind farm. But the empirical results 
indicate the retirees in Jeffrey‟s Bay are very supportive of the wind farm project. The 
other three variables have the expected signs. In terms of the ratings approach, the 
support for the validity of the results is moderate to strong. It was concluded that the 
predictive model was valid and the predicted results credible. 
3.5.2 REPEATABILITY 
The repeatability criterion requires that if the same survey were undertaken again, or 
on a different sample of the same population, the results would be consistent. This is 
analogous to a scientific experiment yielding similar results on repetition. In this 
instance, the repeatability test was not conducted because of time and budget 
constraints.  
3.6 CONCLUSION        
From the survey conducted at the study site, it was evident that individuals‟ WTA is 
influenced by a number of factors. The face-to-face interviews administered in the 
suburb of Wavecrest allowed for information to be gathered that aided in explaining 
the WTA estimate for the sample. The data collected revealed that the respondents 
were, generally, middle-income, well-educated and elderly. They indicated 
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overwhelming support for renewable energies as a priority for local and national 
government. Many were aware of the project before the interviews took place, but 
even the majority of those who were unaware also supported the project. A frequent 
message from the respondents was discontent with the electricity utility, Eskom.  
A binary response Logit model was used to estimate a model for the data and 
calculate WTA. The complete model included fourteen variables. Four were 
significant and used in the reduced model. These variables were whether or not the 
respondent was retired, whether or not the respondent was concerned about climate 
change, whether or not the respondent was concerned about the view shed impacts 
from the wind turbines and the logarithm of the offer amount. The „retired‟ variable 
was expected to have the opposite sign from what it did, which may indicate greater 
support for renewables from the older generation in the area. Many of the important 
variables were attitudinal, so the issue of support for wind energy hinged on whether 
individuals are more concerned about view shed impacts or climate change. There is 
much uncertainty associated with both. There is a limited exposure to wind turbines 
in South Africa, so judgments about wind turbine impacts on views and thereby on 
property values are subjective. The estimate of WTA was R490,695.48 per annum 
(see Table 3.8). This amount represents the total indirect cost associated with the 
wind farm project to those in Wavecrest (the locally affected population). 
Table 3.8: WTA estimates and population size 
Monthly WTA Annual WTA Population size Total Annual WTA 
R12.21 R146.52 3349 R490,695.48 
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CHAPTER FOUR: A DESCRIPTION OF THE SOCIAL BENEFITS AND COSTS 
ASSOCIATED WITH THE PROPOSED WIND FARM 
4.1 INTRODUCTION 
Chapter Four provides a detailed description of the proposed wind farm along with its 
expected impacts. Following this, the monetary valuations and estimates of the costs 
and benefits included in the cost-benefit analysis are presented. Direct benefits were 
examined first, followed by the indirect benefits. Direct costs are also discussed in 
detail, followed by a brief discussion of the indirect costs (derived in Chapter Three).  
The impacts presented in Chapter Four are the major ones typically cited in the 
evaluation of wind farm projects (Moran and Sherrington, 2004; Cherry, 2004; 
Kondouri et al, 2009; Islas et al, 2002; Kaldellis and Gavras, 2000; Komarek, 2008; 
Groothuis et al, 2008). 
Three of the basic elements of a CBA, being time considerations, costs and benefits, 
are discussed below. The fourth basic element, the social discount rate, is discussed 
in the Chapter Five. 
4.2 THE WITH/WITHOUT PRINCIPLE  
The with/without principle must be applied when conducting a cost-benefit analysis 
(Field, 2004). This principle requires that the situation with the project be compared 
with the situation without the project, as opposed to the situation before the project 
and the situation after the project. It is assumed in this dissertation that new 
electricity generation capacity will be installed out of necessity (from the need to 
meet increased demand for electricity). It is also assumed that the standard, baseline 
generation method is coal-fired generation. This CBA examined the benefits and 
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costs associated with a specific renewable energy project for generating electricity 
versus without that project (i.e. with the extra generation capacity coming from coal-
fired generation).  
4.3 THE PROPOSED PROJECT’S CHARACTERISTICS 
4.3.1 SITE LOCATION  
The proposed site for the project is on the Sunnyside dairy farm, approximately 5km 
north-west of the nearest residential area, Wavecrest, in Jeffrey‟s Bay (Lochner et al, 
2008). The wind farm will be located on the slope of a hill, approximately 166m 
above sea level, on the northern side of the N2 highway connecting Cape Town and 
Port Elizabeth. The coordinates of the site are S 34 00‟40”, E 24 52‟42”. The location 
of the wind farm is shown in Figure 4.1 (Lochner et al, 2008). 
During operation, the wind farm will be accessed via the Sunnyside farm road which 
connects on to the R102 (Lochner et al, 2008). The Sunnyside farm extends on both 
sides of the N2 road. The farm has underpass beneath the N2 used to access the 
site, but this underpass does not have sufficient height clearance to allow for all the 
components of the wind turbines. A temporary 1km gravel road will be built during 
construction, intersecting with the N2 at the off ramp bridge where the R389 
connects with the N2 (Lochner et al, 2008).   
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Figure 4.1: Map showing location of proposed wind farm 
Source: Lochner et al, 2008 
4.3.2 BIOPHYSICAL ENVIRONMENT 
The climate of the site is typical of the south-east coast region of the country, with 
mild temperatures and mean annual rainfall of 400mm (Lochner et al, 2008). The 
prevailing wind is in a westerly to south westerly direction in the winter and in a 
predominantly eastern direction in the summer. The surrounding landscape is 
dominated by the agricultural land and the nearby Jeffrey‟s Bay. Several power lines 
pass over the property, including the municipal power line to Jeffrey‟s Bay and a 
distribution line to Sunnyside. The site is situated 8km east from the coastline. 
Coastal towns adjacent to the site include Jeffrey‟s Bay, Paradise Beach and Aston 
Bay. Humansdorp lies 8km west of the site. The landscape drops gradually to the 
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north east beyond the N2 towards the Kabeljous River. The land rises towards the 
Cape Fold Mountains to the west and north west of the site. Beyond the Kebeljous 
River, to the north, the land drops down into the Gamtoos River before rising steeply 
into the Baviaanskloof mountains. The site is located on a hill formed by resistant 
Table Mountain Group quartzite and the incision of the Swart River to the south and 
south west. The soil is too shallow for crop farming. Boreholes indicate the water 
table is about 50 to 55m below the surface (Lochner et al, 2008).  
Currently, the land is zoned for agriculture (Lochner et al, 2008). When the wind farm 
is established, the tower footprints will occupy approximately 1% of the area of the 
wind farm and grazing will continue beneath the wind turbines. Indications from the 
developers‟ initial communication with the Municipality are that it will not be 
necessary for the area to be rezoned. 
Plant and animal species likely to be affected by the project were identified during 
the EIA (Lochner et al, 2008). The majority of ecological activity will continue 
unimpeded but several species were identified as potentially vulnerable and are 
presented in Table 4.1 below.    
Table 4.1: List of potentially vulnerable species 
Kabeljous Renoster Thicket Gamtoos Thicket 
Hewitt’s Ghost Frog (Heleophryne 
hewitti) 
Blue Duiker (Philantomba monticola) 
Other birds – Common Thick-knee, 
Common Guinea fowl, Crowned 
Lapwing, Blue Cranes, White Storks 
Raptors – Rock Kestrels, Black-
shouldered Kites, Common Buzzards, 
Jackal Buzzards 
Bats (may be particularly vulnerable due 
to their foraging habits, no shelters are 
located on or around the farm but their 
dispersion pattern is known to be wide) 
Oribi (Ourebia ourebi) 
       Source: Lochner et al, 2008 
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4.3.3 DESCRIPTION OF THE PROJECT 
The wind farm is expected to have an operational life of twenty five years (Lochner et 
al, 2008). The wind turbines selected for this project will be between 1.5MW and 
2.5MW each. Larger machines (1.8 to 2MW) are favoured, depending on local wind 
conditions. The size of the turbine will be uniform for the entire wind farm. Based on 
the turbine size, the number of wind turbines will be determined (likely between 6-10 
turbines). The final choice of the size of turbine will be based on ease of erection, 
availability, suitability to the local wind regime and flicker effects. Manufacturer 
certified wind turbines (i.e. new turbines with warranty agreements) will be used 
(Lochner et al, 2008). The wind turbines will be mounted on towers with a maximum 
hub height of 75m and blade length of 45m (for the larger >2MW turbines), spaced in 
rows 2.5 to 3.5 blade lengths apart (Lochner et al, 2008). The turbine foundation will 
be octagonal, measuring approximately 15m x 15m x 2.4m depth (Lochner et al, 
2008). The depth depends on the soil condition. The tower diameter at the bottom of 
the tower will be 4m and near the top will be 2.8m. The estimated extent of the wind 
farm is about 20 hectares (Lochner et al, 2008). As mentioned, agricultural practices 
will be continued amongst the wind turbines after construction as the physical 
footprint of the towers wind cover approximately 1% of this area. Expected flicker 
effects of the turbine blades will be modeled once wind data has been collected. Low 
angle light impact will also be modeled once the technical details and layout is 
completed. Using astronomy and trigonometry, it is possible to compute likely and 
“worst-case” scenarios for this effect using computer simulations (Lochner et al, 
2008). The wind regime is estimated to be able to produce at an annual capacity of 
30%. Wind studies indicate a relatively equal power production distribution both daily 
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and seasonally. A provisional wind profile for the site indicating the daily and 
seasonal variation is shown in Figure 4.2.  
 
Figure 4.2: Provisional wind profile indicating the daily and seasonal variation 
Source: Lochner et al, 2008 
The project is expected to deliver at least 21‟462MWh per annum (Lochner et al, 
2008). The wind turbines will be connected to the local Eskom grid with a new 500m 
line to the existing 66kV municipal power line that passes the eastern edge of the 
proposed site. The connection will be of 22kV capacity (Lochner et al, 2008). The 
developer may need to upgrade certain sections of the existing lines, but this is 
expected to include only the installation of new conductors and not the establishment 
of a new line. If existing lines cannot carry the wind farm‟s entire load, a new 66kV 
line from the site to the main 132kV Eskom line may be necessary. Line capacity will 
be finalized in consultation with Eskom (Lochner et al, 2008).  
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4.4 TIME CONSIDERATIONS 
All the estimated costs and benefits derived in this dissertation are valued at market 
prices. It was deemed that a rand of benefit was worth valued equally by those 
individuals influenced by the project, so the distributional weighting is one. The time 
horizon of the project is 25 years (Lochner et al, 2008). This is the project 
developer‟s determination of the lifespan of the project.  
4.5 THE SOCIAL BENEFITS OF THE PROPOSED WIND FARM 
The social benefits (direct and indirect) that can be ascribed to the establishment of 
a wind farm are examined below and a monetary value will, where possible, be 
attached to them. 
4.5.1 DIRECT BENEFITS 
4.5.1.1 OUTPUT REVENUE 
The revenue received for the output produced by the wind farm is the main direct 
benefit. In order for a wind farm project (or any other project) to be feasible, the 
revenues, or the returns, from that project must be greater than the costs incurred in 
developing and operating that project. The return or price per kWh that a wind farm 
investor could expect to receive has, until recently, been subject to much speculation 
and can be seen as one of the reasons for the slow adoption of wind energy on a 
large scale in South Africa (Mostert, 2005). However, with the introduction of a 
favourable renewable energy feed in tariff (REFIT) for wind energy of R1.25/kWh, 
the criteria for private feasibility (at least from a financial analysis point of view) of 
wind farms in South Africa has been clarified (Creamer, 2009). The importance of 
such a tariff should not be underestimated because it allows investors and producers 
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to accurately determine revenue streams and assess financial viability of wind 
projects.  
The REFIT acts like a subsidy for wind farm operators. The wind farm management 
enters into a power purchase agreement (PPA) with the local municipality that 
guarantees the purchase of the electricity produced.  This is the case with the 
Darling Wind Farm in the Western Cape, which has a PPA with Cape Town 
municipality, which acts as a “green electricity buyer of last resort” (Mostert, 2005: 
42). The confidence that comes with a legally recognised contract identifying a buyer 
of the output is of paramount importance in the establishment of wind energy 
projects and renewable energy projects in general.  
The greater certainty in revenue streams that the REFIT provides allows for better 
decision-making (more information and certainty improve the quality of decisions) 
and is an incentive to potential wind farm investors. The REFIT represents a shift in 
policy towards a more regulated and supported renewable energy sector in South 
Africa, which is further incentive to would-be investors.  
Consumers, however, will not be faced directly with higher electricity bills. This is 
because it is part of the legislation that governs the production and distribution of 
electricity states that producers must provide their output at least-cost to the 
consumers, which means that producers could not expect more than the market 
price for electricity generated from coal (Mostert, 2005; DME, 2010). A situation such 
as this is a disincentive to the potential wind farm investor, who needs a return 
greater than the current market price for electricity to make a wind project feasible.  
The REFIT is paid for by the country‟s tax payers. The national and local 
governments enter into PPAs with wind farms and agree to pay the REFIT out of 
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their budgets (which are funded by the public) for the “green” electricity, but only 
charge end-user consumers the prevailing market price for electricity on their bills. 
This arrangement is appealing to both producers and consumers. The obvious 
contentious issue that this raises is whether the public are happy to pay for 
renewable energy over other needs, such as road works or schools.  
For the Jeffrey‟s Bay project, with an expected output of 21‟462Mwh/a, the direct 
revenue stream from the sale of electricity generated via wind turbines, is 
R26‟827‟500/a (Lochner et al, 2008). However, because of the subsidised nature of 
the revenue and social perspective of the CBA, the appropriate direct benefit would 
be the market price for that amount of electricity. Therefore, the direct benefit from 
the output revenue stream is R12‟447‟960, based on market price of 58c/kwh for the 
residents of Jeffrey‟s Bay (Savage, 2009). 
4.5.1.2 SALVAGE VALUE 
At the end of the 25 year life of the project, a proportion of the capital investment 
amount can be salvaged. As mentioned by Cherry (2004) and Moran and 
Sherrington (2006), about 70% of the capital investment is for the actual turbine 
structure (i.e. the blades, the turbines, the tower) and part of these physical 
components can be salvaged for re-use. Assume 50% of this amount is moving 
capital, which will be unsalvageable, depreciated on a straight line basis at 4%/a 
(Supervisor suggestion). This moving capital represents components that are used 
up during the project‟s life or that will be sufficiently deteriorated so as to be 
unrecyclable.  Additionally, 50% is non-moving, which will be salvageable, 
depreciated on a straight line basis at 1%/a (Supervisor suggestion). This non-
moving capital represents all the physical material that can be reused at the end of 
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the project‟s life i.e. the recyclable materials. The non-moving components of the 
hardware (depreciated over the life of the project) represent a once-off year-25 
benefit. The salvage value was calculated at R35‟634‟769 (see 4.6.1.1 for capital 
investment). 
4.5.2 INDIRECT BENEFITS 
The indirect benefits associated with the wind farm include carbon emissions 
avoided, technology transfer and improvements to substations and transmission 
lines. Monetary values could only be attached to the avoided carbon emissions 
because of the complex knock-on effects throughout the economy of the other 
indirect benefits as well as a desire to err on the conservative side with the benefit 
estimation.  
4.5.2.1 CARBON EMISSIONS AVOIDED 
Climate change has been receiving much attention in the last decade and has been 
one of the key political and social motivations for the push for renewable energy 
projects around the world. The global energy and electricity generation sector is 
responsible for a large proportion of the total CO2 emissions produced by human 
activity, and the same is true for South Africa (DEA, 2010). For this reason, the 
energy sector has been targeted by the government to reduce their carbon 
emissions. A wind farm, such as the Jeffrey‟s Bay project, produces no carbon 
emissions during its operation. Therefore, a benefit of this, or any other, wind farm 
project is the avoided carbon emissions that would have been produced if the 
electricity generation method was coal-based. 
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The estimated amount of CO2 emissions that will be avoided with the Jeffrey‟s Bay 
wind farm is 545‟000 tonnes over the 25 year life of the project, which equates to 
annual emissions avoided of 21‟800 tonnes (Lochner et al., 2008). Given South 
Africa‟s position as a heavy CO2 emitter (17
th in the world) and a non-Annex 1 
country in terms of the Kyoto Protocol, renewable projects in South Africa have a 
unique set of advantages, socially and privately (Parker and Blodgett, 2008). Non-
Annex 1 countries can develop projects in collaboration with Annex 1 countries, 
offering the Annex 1 countries an emissions reductions option while reaping the real 
local benefits of the project. 
The country is also allowed to sell emission reduction credits to Annex 1 countries. 
These credits help the Annex 1 countries to meet their emission reduction targets. 
The idea behind this emission trading is to achieve a least-cost (or at least a lesser-
cost) reduction in global emissions by allowing those countries with a comparative 
advantage in reducing emissions to focus more on that and to prevent GDP losses. 
According to the World Bank (2008), the average permit price was US$7.42 per 
tonne, which means that emission trading could generate around R1‟180‟819 per 
annum, at an exchange rate of R7.30/$ (the average ZAR/US$ for 2010). 
4.5.2.2 TECHONOLOGY TRANSFER AND THE CLEAN DEVELOPMENT 
MECHANISM 
The Kyoto Protocol‟s Clean Development Mechanism (CDM) allows for Annex 1 
countries to develop and finance projects that reduce GHG emissions in non-Annex 
1 countries. “While its primary goal is to save abatement costs, the CDM is also 
considered by many as a key means to boost technology transfer and diffusion” 
(Dechezlepretre et al, 2008: 1273). Although not a requirement in the original Kyoto 
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Protocol, technology transfer was explicitly included as such in the Marrakech 
Accords in 2001 (Dechezlepretre, 2008). Two main forms of technology transfer 
occur, knowledge transfer and equipment transfer. Knowledge transfer involves the 
training and teaching of the local population in the technology in question. Equipment 
transfer involves the importing of equipment, such as wind turbines. 
It may seem reasonable to assume that if a country develops a project in another 
country, then there will be a natural transfer of technology. However, technology 
transfer cannot be an assumed outcome of a foreign development on domestic soil 
(Dechezlepretre, 2008). It generally occurs in larger scale projects, especially in the 
energy sector. With regards to technology transfer in CDM projects, wind energy is 
one of the examples of high rates of technology transfer. With 63% of projects 
involving technology transfer and 96% of those projects involving equipment transfer, 
wind energy projects are supportive of technology transfer (Dechezlepretre, 2008). 
The large percentage of transfers involving equipment is a consequence of the fact 
that few countries actually manufacture the wind turbines and the need to import this 
technology from other (Annex 1) countries. Table 4.2 lists a number of countries that 
are the largest exporters and importers of wind technology.  
Table 4.2: Wind power technology transfer – main originators and recipients 
Originators Recipients 
Denmark, Germany, Spain, USA China, India, Brazil, Mexico 
Adapted from Dechezlepretre, 2008  
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4.5.2.3 IMPROVEMENTS TO CURRENT SUBSTATIONS AND TRANSMISSION 
LINES 
The development of the wind farm has other benefits relating to the infrastructure in 
the area. Eskom is supportive of the project because it involves adding value to the 
electrical distribution network. Value will be added by the project because: 
 The supply to the Kouga area is reaching maximum capacity.  
 Jeffrey‟s Bay and Humansdorp are most severely affected by power failures 
as these two towns consume more than 75% of the Kouga municipal energy 
supply.  
 Most of the current industrial activities are taking place around these towns.  
 Due to the length of the Eskom power lines from the power stations to the 
users, and the inherent characteristics of the Kouga network, it suffers in 
regards to power quality and voltage instability (Lochner et al, 2008: 2). 
Table 4.3: Summary of social benefits 
Social benefit category Estimate 
Direct benefits  
Output revenues R12‟447‟960/a 
Salvage value  R35‟634‟769 
Indirect benefits  
Carbon emissions avoided R1‟180‟819/a 
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4.6 THE SOCIAL COSTS OF THE PROPOSED WIND FARM 
4.6.1 DIRECT COSTS 
The financial costs involved with the development of a wind farm are one of the 
greatest barriers to the large-scale introduction of wind energy facilities (SAWEP, 
2004). Compared with conventional electricity generation (fossil fuelled generation), 
wind energy has relatively high start-up costs and relatively low operating costs. The 
reason for the high start-up costs is that renewables only gained widespread public 
and government support towards the end of the last century (Patel, 1999). Therefore, 
the wind energy market (e.g. turbine manufacturers) is still in the stages of equating 
supply and demand at an appropriate price. Currently, there are few manufacturers 
of the specific components necessary to construct a wind farm, current prices are 
potentially overinflated as international manufacturers benefit from low rates of 
competition. However, prices are expected to come down further for the components  
 
Figure 4.3: The declining cost of wind energy systems (in US$) 
Source: Patel, 1999 
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of a wind energy system, following the trend of the last 30 years, as shown in Figure 
4.3 (Patel, 1999). Not all of the construction will require imported goods. The actual 
wind tower will be almost entirely imported. However, the construction equipment 
and vehicles needed will likely be available in South Africa. Also, the electricity 
transmission lines and certain electrical components can be sourced locally. 
Another issue of concern with the high capital cost of wind generated electricity is 
South Africa‟s high interest rate by international standards (SAWEP, 2004). The high 
interest rate creates a disincentive for investment because the associated debt 
profile will be greater in South Africa when compared with other countries. 
The costs that will be incorporated into this section are those financial costs directly 
attributable to the wind farm project.  
Using the same terminology as Moran and Sherrington (2006), there are four main 
direct costs associated with a wind farm project: 
 Capital investment   
 Operation and maintenance 
 Extra balancing costs to the grid 
 Rental cost of land 
4.6.1.1 CAPITAL INVESTMENT 
Capital investment refers to the financial outlay required for the construction of the 
wind farm. The construction of a wind farm entails a number of market transactions. 
For example, there is the purchase of suitable wind turbines. The selection of type 
and number of wind turbines is a project specific question, with each potential wind 
86 
 
farm site having a unique set of characteristics which will guide the choice of 
turbines.  
“The exact capital cost of wind energy projects in South Africa is still largely 
unknown” (SAWEP, 2004:22). There are two wind farm projects in South Africa, 
Klipheuwel and Darling Phase 1, but both of these projects are essentially unique 
demonstration projects, making direct benefit transfer very difficult. However, 
international experience from various developing country wind energy initiatives 
provide a guideline of ratios for the percentage of total capital expenditure that will 
likely be required for each component of the construction. A general guideline is 
shown below in Table 4.4. 
Table 4.4: General Range of Ratios for Costs in Relation to Total Cost from 
Various Developing Countries Projects 
Item % of Total Cost 
Hardware (wind turbines, masts, blades, etc) ≈ 65 – 72% 
Civil works (foundation, roads, control housing) ≈ 6 – 9% 
Logistics (cranes, erection, transport) ≈ 1% 
Park electrics ≈ 2 – 3% 
Grid connection ≈ 10 – 12% 
Fees ≈ 6 – 8% 
Interest during construction ≈ 1 – 2% 
Source: SAWEP, 2004 
A more detailed and comprehensive collection of direct cost categories is used by 
Cherry (2004). Direct costs are split into two sub-categories, namely, start-up costs 
and reoccurring costs. Start-up costs, as the name suggests, refer to those once-off 
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expenditures made in order to get the project established, from developer‟s costs to 
permits to turbines. The start-up costs are grouped into four categories.  
 
Firstly, there are turbine costs, including the turbine, controller, tower, sales tax, 
delivery to site and turbine installation (Cherry, 2004). Turbine costs represent the 
cost of buying and installing a wind turbine. Secondly, other turbine costs are all 
other costs associated with the construction and connection of the wind turbines to 
the electrical grid. These include foundation construction, trafo pad, conduits, 
grounding, transformers, monitoring system, warning lights, electrical installation, 
roads, grading, fences, permits and contingency (Cherry, 2004). Large wind farm 
(50MW or more) developers will likely to be able to benefit from quantity discounts. 
These first two categories, turbine costs and other turbine costs, are the per installed 
turbine costs associated with a wind farm. The third start-up cost category is 
construction costs. Overhead lines, substation construction, reseeding, engineering 
(civil, tower, electrical and zone charge), construction management and spare parts 
are included here, representing the general construction costs associated with the 
connection of a wind farm to the main electrical power grid (Cherry, 2004).  
 
Finally, the fourth category is soft costs and includes all the payments to experts 
(legal, meteorological and development) and insurance (Cherry, 2004).  
 
As with most activities, as the size of the project increases, economies of scale can 
be utilized (generated through quantity discounts as well as natural economies of 
scale) and average per turbine cost decreases. However, the relatively small-scale 
capacity (15MW) of the Kouga project means that significant economies of scale 
may not be achieved and a more linear relationship between inputs and output could 
88 
 
be expected. Average costs, in this specific case, may represent a reasonable 
estimate for the marginal costs of increased output. 
 
Cherry (2004) noted, in agreement with Moran and Sherrington (2005), that the 
expense of the actual turbine and turbine tower represents, by far, the largest 
proportion of the total cost of a wind farm project, in the region of 70% of the total 
start-up cost.   
 
Inaccessibility is often a problem with wind farms as the best locations are 
determined by wind regimes and not by existing infrastructure conditions. In the case 
of the Kouga project, however, inaccessibility is not a huge issue. The distance from 
the proposed site to national roads and to existing electrical infrastructure is low. 
Distance to the sea is also manageable, so that imported components do not have to 
travel excessive distances. These points are worth noting because inaccessibility to 
a site, before, during or after construction can cripple the project as new roads, new 
transmission lines and substations, long haul transport and other factors cause costs 
to rise rapidly.  
 
“The startup costs associated with wind projects generally account for 70 percent of 
the total cost of energy and is typically about $1000 per kW of generating capacity” 
(Cherry, 2004:6). Although upfront capital costs are significantly greater than fossil-
fuelled generation projects, wind projects have the advantage of avoiding the 
continued fuel costs over the life of a fossil-fuel project.  
 
The wind energy market is relatively mature internationally, especially in comparison 
to other renewable energy sources, therefore, it has identifiable and replicable costs. 
The international per kilowatt installed cost is in the range of US$1200 – 1400/kW 
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(SAWEP, 2004). South Africa‟s unique situation, in terms of a low wind regime and 
low conventional energy prices, means that South Africa is expected to be at the 
upper end of this range. 
 
According to SAWEP (Mostert, 2005), the cost per installed kilowatt of wind 
generation capacity is €933. For the Kouga Wind Energy Project, the capital 
investment component can be determined by simply multiplying this per installed 
kilowatt figure by the total proposed installed capacity. In this case, the capital cost is 
(€933X15000kW) = €13‟995‟000. This equates to a Rand amount of R135‟751‟150 
(at the exchange rate R9.70/€, the average ZAR/€ exchange rate for 2010) (SARB, 
2010).  
 
4.6.1.2 OPERATION AND MAINTENANCE 
Operation and maintenance refers to the costs associated with the running of the 
wind farm. The main operation and maintenance costs are the following: 
 General and administrative management 
 Maintenance (corrective/preventative) 
 Insurance 
Wind generated electricity has a lower operation and maintenance cost than coal 
generated electricity in the UK (Moran and Sherrington, 2006). Moran and 
Sherrington‟s (2006) estimate of the operation and maintenance cost is £15/kWy, 
which is considerably lower than the £20/kWy for gas generated electricity and 
£24/kWy for coal generated electricity. Obviously, this will not be the same for South 
Africa, because of Southern Africa‟s large coal reserves. 
 
Operation and maintenance costs, or reoccurring costs, are those expenditures that 
are made throughout the life of the project and include land lease, property taxes, 
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maintenance costs, management, insurance, electricity usage, miscellaneous costs 
and warranty costs (Cherry, 2004). There are various forms of maintenance costs 
such as scheduled, unscheduled, substation and park maintenance. Scheduled 
maintenance refers to the planned maintenance of the wind farm and the electrical 
connection to the grid. Unscheduled maintenance is the unplanned, but expected, 
maintenance that occurs as random events cause electricity production or transfer 
problems, such as a turbine or transformer unexpectedly failing. Maintenance costs 
are typically around 1.5-2% per annum of the initial capital investment for newer 
generations of wind turbines. These costs are typically relatively low initially and 
increase as the project ages. About 20% of the total cost of energy is due to these 
maintenance costs in the US, which is equivalent to about $0.005/kWh (Cherry, 
2004). The major causes and consequences of wind farm faults are shown in Figure 
4.4.  
 
Warranty costs substitute for scheduled and unscheduled maintenance costs for the 
period of the warranty, reducing the maintenance costs. Land lease is obviously  
potential benefit of wind generated electricity, namely, it can be an addition and not 
necessarily a substitute to the activities already being undertaken on the land, i.e. a 
potential land efficiency improvement. The rental cost of land is discussed further 
later.  
 
A relevant South African estimate of the operation and maintenance costs is 
provided by Mostert (2005). He calculates an operation and maintenance cost of  
€25/kW. Using this figure, the annual operation and maintenance can be calculated 
at (€25X15000kW) = €375‟000. This equates to a Rand amount of R3‟637‟500 (at an 
exchange rate R9.70/€) (SARB, 2010)        
91 
 
 
 
 
Figure 4.4: Wind power plant failures – cause, effect and repair statistics 
Source: Patel, 1999 
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4.6.1.3 EXTRA BALANCING COSTS TO THE GRID 
Extra balancing costs to the grid address the intermittency problem of wind 
generated electricity. Simply put, the wind does not blow all the time, and there are 
costs associated with the non-continuous provision of electricity. It is necessary to 
make allowances for the expected downturns in electricity production. The greater 
the share of the electricity sector supplied by wind energy, the greater the need 
becomes to accurately incorporate these extra balancing costs. This is because the 
uncertainties of wind intermittency become amplified as electricity penetration 
increases. For example, a study undertaken in the UK, indicates that these extra 
balancing costs increase by about 40% as market penetration increases from 5.3% 
to 7.6% (Moran and Sherrington, 2006). An estimate of R0.01/kWh is assumed, 
determined by the SAWEP “with reference to the data on costs in Denmark and the 
UK”  (Mostert, 2005). An annual estimate can be calculated 
(0.01x21‟462‟000=R214‟620). This extra balancing cost to the grid estimate of 
R214‟620 represents the lower boundary, as the 21‟462‟000kWh used is the 
minimum expected annual power production that the farm will generate (Kouga, 
2008).  
 
In the case of the Kouga Project, these costs are less important and impactful. The 
reason for this is that South Africa has a tiny proportion of its total electricity 
generation coming from wind sources. For this reason the problem of intermittency of 
wind generated electricity is much less of an issue because there will be sufficient 
electricity generation from coal and other sources to make up for any quiet spells in 
wind activity. 
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4.6.1.4 RENTAL COST OF LAND 
Rental cost of land is self-explanatory. The Kouga Project will be located on the 
Sunnyside Dairy Farm. There is a lease agreement between Genesis Eco-Energy 
(the project developers) and Mark Holliday (the land owner) in which Genesis agrees 
to pay a certain fixed amount to Mr Holliday every month (Creamer, 2009). There are 
also opportunity costs associated with land use, beyond rent. The Kouga Project, 
however, is more beneficial than detrimental with regards to these opportunity costs, 
as the current activities on the land will continue with the wind turbines being an 
addition, not a substitution to the activities of the farm. The dairy farming activities  
will continue, with little interference from the turbines (Creamer, 2009). During the  
construction phase, a significant disruption may occur as equipment and personnel 
are transported to the site, but after completion, the impact on the current land 
activities will be negligible and the 600 odd grazing dairy cows should experience no 
negative impact (see Figure 4.5). In this way, the productivity of the land can be 
increased and, as mentioned earlier, this a point worth noting for the development of 
other renewable project, specifically wind projects. Therefore, the economic cost of 
the land rent is zero, because of the complementary nature of the farming and wind 
energy activities. The rental cost is purely a financial transfer between the land 
owner and the project developer. 
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Figure 4.5: Original land use continues on a wind farm in Germany 
Source: Patel, 1999 
4.6.1.5 OTHER DIRECT COST CONSIDERATIONS 
Tax considerations and financial regulations differ from country to country and, 
sometimes, within countries. Favourable public policy for wind projects include 
features such as accelerated depreciation on the capital cost of the wind farm and 
“green electricity” production tax credits.  
 
Any positive wind public policy will decrease the direct costs of a wind farm project 
and make it more profitable. A concern with overly favourable policy, however, is that 
some inefficient projects will be made viable by over-generous government support. 
It is vital that the right balance is found between providing adequate support for 
renewable projects and creating dependence on government subsidies and other 
protective, insulating measures. 
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4.6.2 INDIRECT COSTS 
The indirect cost amount for the CBA is taken from the CV survey undertaken in 
Jeffrey‟s Bay (see Chapter Three). This cost (estimated at R490‟695 per annum) is 
assumed to include all of the aspects which negatively impact on those living in the 
nearby area. It specifically places a value on the view shed, bird, noise and heritage 
impacts which are most often cited in local opposition to wind farms (Ladenburg and 
Dubgaard, 2008; Ladenburg, 2009; Groothuis et al, 2008; Kondouri et al, 2009; 
Moran and Sherrington, 2006). It is the cost that residents stated as required in 
compensation for the wind farm being established in the area. 
Table 4.5: Summary of social costs 
Social cost category Estimate 
Direct costs  
Capital investment R135‟751‟150 
Operation and maintenance R3‟637‟500/a 
Extra balancing costs to the grid R214‟620/a 
Indirect costs  
WTA estimate R490‟695/a 
 
4.7 THE SOCIAL COSTS AND BENEFITS OF THE BASELINE GENERATION 
METHOD 
In order to apply the with/without principle in the social cost-benefit analysis of the 
proposed wind farm, it is necessary to determine the social costs and benefits 
associated with the baseline method of electricity generation, namely coal-fired 
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generation. The figures indicated above represent the “with project” costs and 
benefits. The following figures represent the “without project” costs and benefits. 
4.7.1 SOCIAL BENEFITS 
4.7.1.1 OUTPUT REVENUES 
Without the wind project, the electricity would be generated through coal-fired 
means. The output is regarded as the point of comparison between two generation 
methods i.e. a given output can be achieved at a certain cost with either generation 
method. The output is considered homogenous i.e. electricity from wind and 
electricity from coal are assumed to be perfect substitutes.  In this case, the output 
revenue is the same for both projects, because the 21‟462MWh of electricity 
expected from the wind farm would be generated using coal in the absence of the 
wind project. Therefore, the direct benefit without the wind project is the same as 
with the project, specifically, R12‟447‟960/a. This benefit represents the only annual 
benefit stream for baseline generation method. 
4.7.1.2 SALVAGE VALUE  
As with the wind farm project, it is assumed that some amount of the capital 
investment will be salvageable at the end of the project‟s life. The salvage value was 
determined in the same way for the baseline method as for the wind farm project 
(Supervisor suggestion, 2010). This resulted in a once-off benefit for the baseline 
generation method in year 25. The salvage value was calculated at R6‟073‟462. 
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4.7.2 SOCIAL COSTS 
4.7.2.1 CAPITAL INVESTMENT 
It was assumed that new generation capacity is a necessity for the future growth and 
development of the country. Following from this, an estimate of the capital 
investment needed to produce the electricity output using the baseline generation 
method was required. The output level of 21‟462MWh would require a certain capital 
investment, determined based on the assumption of a carrying capacity of 90% for 
coal-fired electricity generation. Mostert (2005) calculated that the investment cost 
was R8‟500‟000/MW for new coal-fired generation capacity. In order to produce 
21‟462MWh, at a carrying capacity of 90%, an installed capacity of 2.722MW was 
needed1. The capital investment associated with the baseline generation method 
was R23‟137‟000.    
4.7.2.2 COST OF PRODUCTION 
The cost of producing 21‟462MWh of electricity using baseline generation method 
needs to be ascertained. Eskom (the major electricity producer in the country) can 
produce electricity at a certain price per kWh. It is assumed here that Eskom would 
install additional capacity. This assumption is reasonable because although Eskom 
would not build a 2.722MW coal power station to generate that amount of electricity, 
there is an associated capital investment cost with a given level of electrical output. 
Based on Eskom‟s cost of production of 25.5c/kWh, the cost of producing 
21‟462MWh using the baseline coal generation method was R5‟472‟810 (Eskom, 
                                                          
1
 A coal-fired power station of 2.722MW would not be constructed as it represents an inefficient scale for cost 
effective generation of electricity. The aim of this estimate is to give an indication of the relative capital 
investment costs.  
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2010). Therefore, the annual cost of production without the wind project is 
R5‟472‟810. 
4.7.2.3 ENVIRONMENTAL COST 
Coal-fired electricity generation has various environmental impacts such as pollution 
and environmental degradation. It is important to be conscience of these impacts 
because, from a social standpoint, these are the impacts that have caused the move 
towards more environmentally friendly generation methods. The indirect costs 
associated with the wind farm were measured using the CV study (see Chapter 
Three). The indirect costs associated with the baseline generation method have 
been examined in previous studies. There are emissions that are released during 
coal-fired generation, including sulphur dioxide, nitric oxide and particulates 
(Dawson, 2005). Using the Darling Wind Farm‟s proposed avoided emissions 
adjusted to factor in the difference in scale, the Jeffreys Bay wind farm project can 
expect to avoid the following when compared to the baseline coal alternative: 
• 3670 tons of sulphur dioxide 
• 3360 tons of nitric oxide 
• 1440 tons of particulates 
• 22930 tons of slag and fly ash 
Mostert (2005) calculates the environmental cost of coal-fired electricity generation 
to be 5.5c/kWh, excluding the cost of CO2 emissions, which is captured as a benefit 
because of the emergence of a carbon market for the trading of CERs. This cost 
includes SO2 emissions, particle emissions and coal mining accidents. Thus, for the 
21‟462MWh of electricity, the associated environmental cost is R1‟180‟410. 
 
99 
 
Table 4.6: Social costs and benefits without the wind farm project 
Social benefits Estimate 
Direct revenue R12‟447‟960/a 
Salvage value R6‟073‟462 
Social costs  
Capital investment R23‟137‟000 
Cost of production R5‟472‟810/a  
Environmental costs R1‟180‟410/a 
 
4.8 CONCLUSION 
Chapter Four provided a description of the proposed wind farm project. Then, this 
chapter presented all the cost and benefit flows with and without the project of 
importance in the assessment of a wind farm project. The direct benefits presented 
were the output revenue and the salvage value. The indirect benefits were 
discussed, along with a valuation of the CO2 avoided through the establishment of 
the project.  
The direct costs of the project were examined in detail. All the costs associated with 
the project were presented along with remarks regarding their relevance. The major 
direct costs were the capital investment, operation and maintenance and extra 
balancing costs to the grid. The indirect cost of the project is briefly revisited in the 
context of the CBA. 
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CHAPTER FIVE: A SOCIAL COST BENEFIT ANALYSIS OF AN ELECTRICITY 
PRODUCING WIND FARM SITUATED NEAR JEFFREYS BAY 
5.1 INTRODUCTION 
Cost-benefit analysis (CBA) is a project evaluation tool. The main aim is to sum up 
the present value of direct and indirect costs and benefits of a specific project to 
determine the social desirability of that project (Field, 2002). If the benefits 
aregreater than the costs, the project is considered to be improvement in society‟s 
allocation of resources. Having determined the main impacts, both positive and 
negative, of the proposed wind farm near Jeffrey‟s Bay and monetising those 
impacts, it is possible to evaluate the project. The monetary values for the impacts 
need to be discounted first. The reason is that the cash flows (both incoming and 
outgoing) occur at different stages of the project and over the life-span of the project. 
It is necessary to determine the present value of the future expenses and revenues 
before summation. This chapter examines the discounting of the cost and benefit 
flows. Following this, the net present value (NPV) test is applied to ascertain the 
social desirability of the wind farm project. A sensitivity analysis is then presented. A 
private firm analysis is discussed, before concluding remarks end the chapter. 
5.2 DISCOUNTING FLOWS 
The discounting of cash flows is an important step in the CBA. The main purpose of 
discounting is to assist in the aggregation of a series of cost and benefit flows that 
are spread out over the duration of a project‟s lifespan (Field, 2004). Using 
discounting, the present value of the costs and benefits that occur at various times in 
the future can be determined. This allows for the net present value of the project to 
be determined, which gives an indication of the efficiency of the project. 
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Another reason is that the time preference of most individuals favours rewards now, 
which implies R1 now is worth more than R1 in a year‟s time. This fact might be 
generally accepted, but there is much dispute as to what the magnitude of the 
discount rate should be. The higher the discount rate, the greater the emphasis 
placed on present flows, i.e. a high discount rate implies projects with initially high 
revenues relative to costs will be favoured. At its core, the choice of the discount rate 
is an ethical issue. Along with individuals‟ time preference, the marginal productivity 
approach is the other major approach to discount rate determination (Field, 2004). It 
is based on the idea that people only invest because they expect to generate returns 
equivalent or better to those possible in the private-sector. The productivity of the 
private-sector is reflected in the interest rates that banks charge their clients (Field, 
2004). Therefore, the discount rate that is used should reflect the interest rates that 
private firms are charged when borrowing for investment purposes.  
Intergenerational fairness requires the projects/policies implemented today should 
not significantly negatively impact on future generations. Currently, the most visible 
case of intergenerational fairness relates to the sustainability of the present day 
economic activity. Does the exhausting of fossil fuels hinder the growth opportunities 
of future generations? Does the possibility of climate change require action to 
prevent harm to future generations? The argument against considering future 
generations when determining social desirability is that without today‟s generation, 
tomorrow‟s generation would not exist, therefore the focus must be on what is 
needed by today‟s generation. However, it seems morally incorrect and short-sighted 
to not consider future generations, especially since many of the issues facing society 
involve the conservation and preservation of the environment for the sake of future 
generations. Some environmentalists have difficulty with the logic of discounting, 
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because they contest the lowering of serious future environmental damage costs 
through discounting. But, low (or no) discount rates can be problematic and cause 
more environmental damage than good. This is because at low rates (i.e. close to 
zero) “it is often possible to justify very disruptive public infrastructure projects 
because of enough distant and uncertain benefits can be accumulated to outweigh 
tremendous near-term costs” (Field, 2004:125). 
Based on the fact that a comprehensive project evaluation requires considering the 
future, it is generally acknowledged that discounting cash flows over the life of a 
project is necessary.  
5.3 SUMMARY RESULTS OF APPLYING THE DECISION-MAKING CRITERIA 
The net present value test is used to determine whether or not the project is socially 
desirable. Having determined the present value of all the benefit and cost flows by 
discounting, the decision criteria require that the ratio of benefits to costs to be 
greater than 1. Alternatively, the NPV test requires that the present value of benefits 
is greater than the present value of costs. If this is the case, then the project is said 
to be socially desirable and represents an improvement in the allocation of resources 
of society. A third criterion is that the internal rate of return of the project is greater 
than the social discount rate. 
A discount rate of 3% was used in the CBA. This discount rate was determined as 
the difference between the Eskom bond rate and the consumer price index, as 
proxies for the interest rate and inflation rate, over the period 2005-2009 (SARB, 
2010). 
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In the case of the Jeffrey‟s Bay project, using a discount rate of 3%, the present 
value of total benefits is R34‟577‟698 (see Appendix 3). The present value of total 
costs is R72‟463‟647 (see Appendix 4). This results in net benefits of R-37‟885‟949 
and a benefit-cost ratio of 0.477. The IRR was 0%. The results are shown in Table 
5.1 below. 
Table 5.1: Summary of social CBA decision results 
 
Proposed Kouga Wind Energy 
Project: Jeffrey’s Bay 
 
CBA criteria (at social discount rate of 3%) 
NPV IRR BCR 
R-37‟885‟949 0% 0.477 
 
The NPV is negative. The BCR is less than 1. The IRR is less than the discount rate. 
Based on the estimated benefits and costs, the Jeffrey‟s Bay wind farm project is not 
a socially desirable project and does not represent an improvement in the allocation 
of resources.   
5.4 SENSITIVITY ANALYSIS 
When estimating values there is always uncertainty, based on not having 
comprehensive impact knowledge or simply because of the predictive nature of 
estimation of flows into the future. This uncertainty is an “occupational hazard” of the 
method of valuation. It is not a crippling problem, however, because with the use of 
sensitivity analyses it is possible to determine how the NPV changes when certain 
flows are allowed to vary, while holding the other flows constant. By incorporating 
sensitivity analysis into the CBA it is possible to determine which benefits or costs 
have the greatest impact as well as how the choice of discount rate affects the NPV.  
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5.4.1 DISCOUNT RATE  
A sensitivity analysis on the discount rate was carried out. The discount rate was 
altered by +2%, +4% and -2%. The results are summarised in Table 5.2 below. 
Table 5.2: Sensitivity analysis – discount rate 
 CBA criteria 
Discount rate NPV IRR BCR 
1% (-2%) R-12‟948‟655 0% 0.791 
3% R-37‟885‟949 0% 0.477 
5% (+2%) R-54‟805‟472 0% 0.316 
7% (+4%) R-66‟570‟978 0% 0.224 
 
As can be seen from the above table and from the IRR, the project remains an 
economically inefficient allocation of resources for any positive discount rate. Any 
increase in the discount rate makes the project less desirable. The IRR indicated that 
to make the NPV equal zero the required discount rate was 0%.  
5.4.2 CAPITAL INVESTMENT 
The capital investment cost for the wind farm project was R135‟751‟000 (Mostert, 
2004). A sensitivity analysis on the capital investment cost was carried out with the 
cost being altered to 50%, 125% and 150% of the original value, bearing in mind that 
the salvage value will alter accordingly. The results are summarised in Table 5.3 
below. 
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Table 5.3: Sensitivity analysis – capital investment 
 CBA criteria 
Capital investment NPV IRR BCR 
50% (R67’875’750) R24‟405‟286 7% 6.319 
100% R-37‟885‟949 0% 0.477 
125% (R169’689’375) R-64‟699‟456 -1% 0.392 
150% (R203’627’250) R-94‟401‟036 -1% 0.327 
 
The capital investment represents the largest cost component. As result of this, the 
project becomes more desirable as the capital investment is lowered. Alternatively, 
any increase in the capital investment cost makes the project even less attractive.   
5.4.3 OPERATION AND MAINTENANCE 
The operation and maintenance cost with the wind project was R3‟637‟500 (Mostert, 
2004). A sensitivity analysis on the operation and maintenance cost was carried out 
with the cost being altered to 50%, 125% and 150% of the original value. The results 
are summarised in Table 5.4 below. 
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Table 5.4: Sensitivity analysis – operation and maintenance 
 CBA criteria 
Operation & 
maintenance 
NPV IRR BCR 
50% (R1’762’500) R-6‟279‟212 3% 0.846 
100% R-37‟885‟949 0% 0.477 
125% (R4’406’250) R-53‟689‟318 -1% 0.392 
150% (R5’456’250) R-69‟492‟686 -2.4% 0.332 
 
The operation and maintenance cost does affect the NPV significantly. However, in 
the range of values analysed, the project remained an inefficient allocation of 
society‟s resources. 
5.4.4 ESKOM‟S COST OF PRODUCTION 
Eskom‟s cost of producing electricity was 25.5c/kWh (Mostert, 2004). A sensitivity 
analysis on this cost of production was carried out with the cost being altered to 
50%, 125% and 150% of the original value. The results are summarised in Table 5.5 
below. The sensitivity analysis on Eskom‟s cost of production is of particular topical 
importance, given Eskom‟s proposed tariff hikes planned for the next few years 
(Eskom, 2010). 
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Table 5.5: Sensitivity analysis – Eskom’s cost of production 
 CBA criteria 
Cost of production NPV IRR BCR 
50% (12.75c/kWh) R-85‟439‟946 -3.9% 0.288 
100% R-37‟885‟949 0% 0.477 
125% (31.875c/kWh) R-14‟108‟959 2% 0.71 
150% (38.25c/kWh) R9‟668‟047 4% 1.388 
 
With decreases in Eskom‟s cost of production, the project becomes more 
undesirable. However, as mentioned, decreases in this cost are highly unlikely (bar 
for example, the discovery of a massive coal field, which would lower fuel costs). 
Eskom has indicated that, by 2012, their cost of producing electricity could be in the 
region of 46c/kWh (Eskom, 2010). As can be seen from above results, the project 
could represent an efficient allocation of resources, given a significant (but not 
unrealistic) increase in the cost to Eskom of producing electricity.   
5.4.5 ENVIRONMENTAL COST 
The environmental cost without the project was R1‟180‟410 (Mostert, 2004). A 
sensitivity analysis on the environmental cost was carried out with the cost being 
altered to 50%, 125% and 150% of the original value. The results are summarised in 
Table 5.6 below.  
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Table 5.6: Sensitivity analysis – environmental cost 
 CBA criteria 
Environmental cost NPV IRR BCR 
50% (R590’205) R-48‟142‟694 -1% 0.418 
100% R-37‟885‟949 0% 0.477 
125% (R1’475’512) R-32‟757‟586 1% 0514 
150% (R1’770’615) R-27‟629‟205 1% 0.556 
 
The environmental cost associated with the coal-fired generation of electricity does 
have an effect on the NPV of the project, with increases (decreases) in this cost 
making the project more (less) desirable. However, significant increases in this 
environmental cost are required before the project becomes socially attractive (of the 
order of three times the estimate used in this CBA).  
5.4.6 INDIRECT COST 
The indirect cost was R490‟695 (see Chapter Three). A sensitivity analysis on the 
indirect cost was carried out with the cost being altered to 50% and 150% of the 
original value. The results are summarised in Table 5.7 below. 
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Table 5.7: Sensitivity analysis – indirect cost 
 CBA criteria 
Indirect cost NPV IRR BCR 
50% (R245’347) R-33‟622‟224 1% 0.507 
100% R-37‟885‟949 0% 0.477 
150% (R736’042) R-42‟149‟657 0% 0.451 
 
The indirect cost associated with the wind farm is relatively small compared to the 
other flows analysed. High indirect costs would make the project less desirable. 
Even if the indirect cost associated with the wind farm was zero, the project would 
still remain an undesirable social allocation of resources. 
5.5 PRIVATE COST-BENEFIT ANALYSIS OF THE PROPOSED WIND FARM 
PROJECT 
The feasibility of a wind farm needs to be considered from the perspective of a 
private firm. Independent power producers (IPPs) are expected to develop and 
construct privately funded electricity generation facilities that will be connected to the 
grid. The electricity produced by IPPs will be sold to local municipalities and 
authorities. In order for the wind energy sector to develop in South Africa, it is 
necessary that the returns on the investment by private business entities be 
sufficient to attract resources to this sector.  
The introduction of the renewable energy feed-in tariffs (REFITs) is an important 
milestone in the development of the sector. The tariffs are considered “generous” 
(Creamer, 2009b). Specifically, the new tariff regime increases the return per kWh to 
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R1.25/kWh for wind generated electricity (Creamer, 2009b). It is clear that an 
increase of this magnitude should have a significant effect on the potential 
profitability of wind farms.  
For these reasons, a private firm‟s CBA of the proposed Jeffrey‟s Bay wind farm is 
presented to determine the private firm feasibility of developing a wind farm.  
5.5.1 FINANCIAL INCOME AND EXPENDITURE FOR THE JEFFREY‟S BAY WIND 
FARM PROJECT 
The main financial income stream was the revenue from the sale of electricity. 
According to Lochner et al. (2008), the expected electricity output is 21‟462MWh/a. 
Using the REFIT, the expected revenue from the sale of the electricity was 
R26‟827‟500/a.   
The main financial costs are the initial capital investment cost and the annual 
operation and maintenance cost. For the proposed wind farm, the capital investment 
cost was expected to be R135‟751‟500, occurring in the first year of the project 
(Mostert, 2005). The operation and maintenance cost was estimated at R3‟637‟500/a 
(Mostert, 2005). The extra balancing costs to the grid due to intermittency problems 
is R214‟620/a.  
Having determined the social rental cost of the project to be zero, because of the 
additionality of the project to the current activities on the land, the private rental cost 
that the developing firm must pay needed to be determined. An estimate of 
$3‟000/MW is used in this study for the rental cost (Cherry, 2004). This amount is 
specifically related to the price paid by wind farm developers for the rent of the land 
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they use for their wind projects. Using this estimate, the rental cost of land equates 
to R328‟500/a for the Jeffrey‟s Bay project (SARB, 2010). 
Table 5.8: Summary of financial income and expenditure 
Income  
Output revenue R26‟827‟500/a 
Expenditure   
Capital investment R135‟751‟500 
Operation and maintenance R3‟637‟500/a 
Balancing costs to the grid R214‟620/a 
Rent R328‟500/a 
 
5.5.2 SUMMARY RESULTS OF APPLYING THE CBA DECISION CRITERIA 
Using the financial income and expenditure flows mentioned above, the private 
feasibility of this wind farm project can be determined. The capital investment cost 
was assumed to be paid in the first year of the project‟s lifespan. The other flows 
were assumed to be annual costs and benefits.  
For the private cost-benefit analysis, a discount rate of 6% was used. This discount 
rate was chosen because it reflects the costs of borrowing money to the private firm 
and the inflation rate. Specifically, the 6% discount rate reflects the prime interest 
rate minus the consumer price index (CPI) for 2010 (SARB, 2010; STATSSA, 2010). 
As with the social CBA, the private CBA evaluates the feasibility of the project with 
reference to the net present value of the cost and benefit flows. The present value of 
benefits was R342‟945‟487 (see Appendix 5). The present value of costs was 
R189‟193‟854. The net present value from the private firm‟s perspective was 
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R153‟751‟632 at a discount rate of 6%. The BCR was 1.813. The IRR was 16%. The 
results are summarized in Table 5.9 below. 
Table 5.9: Summary of private CBA decision results 
 
Proposed Kouga Wind Energy 
Project: Jeffrey’s Bay 
 
CBA criteria (at private discount rate of 6%) 
NPV IRR BCR 
R153‟751‟632 16% 1.813 
 
The NPV is positive. The IRR is greater than the discount rate. The BCR is greater 
than one. Given these results, it was concluded that the wind farm is a feasible 
project for the private firm. With the “generous” REFIT for wind generated electricity, 
the revenue stream is such that they make the project feasible, even with the large 
capital investment required (at the specified discount rate of 9%). 
This is an important result, because it means that with the new tariffs, private firms 
will be tempted into entering the wind energy generation sector because of the 
potential profits.  
5.6 CONCLUSION 
Chapter Five presented the results of the cost-benefit analysis. The need for 
discounting was discussed and the results presented of the discounting of the data in 
the CBA. The choice of the discount rate was discussed. The CBA decision criteria 
tests were applied to determine the social desirability of the wind farm project based 
on the costs and benefits. Based on these criteria, the project was evaluated as not 
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being desirable, because the benefits with project are not large enough to justify the 
capital investment outlay required.  
Following this CBA analysis, a sensitivity analysis was performed to determine which 
elements were the most influential on the NPV of the project. It was established that 
the capital investment cost represented the largest cost flow and affected the NPV of 
project significantly. Eskom‟s cost of production was another cost which had a 
significant effect on the NPV of the project. This indicates that if Eskom‟s cost of 
producing electricity increases (as is expected, based on the planned tariff 
increases) and the capital investment amount decreases (as is expected, at least in 
relative terms, based on the current trend), then the wind farm project may become a 
socially desirable undertaking. Also, the use of a lower discount rate will make the 
project more desirable. 
Following the social CBA, a private firm CBA was presented to give an indication of 
the profitability of the proposed wind farm to a private developer. This was done 
because IPPs are private enterprises and require incentives to enter into a new 
industry. It was determined that the wind farm represented a profitable investment, 
based on the data used.  
The conclusion of the CBA is that the project is privately, but not socially, attractive. 
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS 
6.1 CONCLUSION ON VALUES 
The main objective of this study was to evaluate the social desirability of the 
proposed wind farm project by means of a cost benefit analysis. In order to obtain an 
estimate for the indirect costs associated with this project, it was necessary to 
undertake a contingent valuation of these impacts. Chapter One provided the context 
for the problem, highlighting the need for renewable energy in South Africa. Chapter 
Two examined the economic theory underlying the two major methodologies used in 
the study. Chapter Three presented the results of contingent valuation survey aimed 
at determining the indirect cost associated with the proposed wind farm. Chapter 
Four presented the social costs and benefits with and without the proposed wind 
farm. Chapter Five analysed these social costs and benefits and evaluated the social 
desirability of the project, along with a sensitivity analysis of key factors.   
The main aim of the contingent valuation was to determine an estimate of the TWTA 
for the specified goods or services. In this case, the goods and services valued were 
the local residents‟ disamenities associated with the proposed wind farm. These 
included the noise pollution, the view impacts, the effects on wildlife (specifically 
birds) and the effects on the perceived heritage values of the site. The relevant 
results were presented in Chapter Three. 
Table 6.1 below summarises the results of the estimation of WTA and TWTA. The 
sample size was 180, which was 5.4% of a population of 3349 residents in the 
suburb of Wavecrest, Jeffrey‟s Bay. 
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Table 6.1: Results of WTA and TWTA estimation 
Monthly WTA Annual WTA Population size Total Annual WTA 
R12.21 R146.52 3349 R490,695.48 
 
The annual total willingness to accept figure represents the indirect costs associated 
with the proposed project. It is interesting to note the retirement status of individuals 
is contrary to a priori expectations. Previous studies had found retirees to be more 
likely to oppose the establishment of wind farms in their vicinity. This finding is, thus, 
unexpected and may be a result of a greater concern for environmental issues and 
future generations, or may be a result of a perceptible lack of experience and 
exposure to wind turbines.  
The TWTA value (as shown in Table 6.1) was incorporated as a partial indirect cost 
associated with the proposed project, prior to conducting the cost benefit analysis.  
The main objective of the cost-benefit analysis was to evaluate the social desirability 
of the proposed wind farm project. The CBA project evaluation methodology requires 
that once the social costs and benefits have been determined, for the project to be 
desirable, the net present value of the flows must be positive. Alternatively, the 
benefit-cost ratio must be greater than unity. The with/without principle was applied 
when conducting the CBA, and the baseline generation method costs and benefits 
(without case) were discussed following the project‟s costs and benefits (with case).  
The social costs and social benefits with and without the project were described and 
quantified in Chapter Four. The social costs included the direct costs of capital 
investment, operation and maintenance, extra balancing costs to the grid and rental 
cost of land, along with the indirect costs (determined via the CV study). The social 
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benefits included the direct benefit of output revenues and the salvage value, along 
with the indirect benefits of carbon emissions avoided, technology transfer and 
improvements to substations and lines.  
The capital investment cost was the largest cost component. In the social CBA, the 
figure used for output revenue is based on the market electricity price. From the 
developer/operator‟s point of view the output stream is larger because of the REFIT, 
and thus, even more attractive as a potential investment. 
Table 6.2 below summarises the social costs and benefits. The capital investment 
cost was assumed to be paid up front. This is an oversimplification, because it is 
likely that this cost will be spread out over more years with interest payments. 
However, due to the uncertainty involved with the actual debt/equity/subsidy mix, it 
was decided make the full amount payable in the first year. 
The costs and benefits without the wind farm project, assuming coal-fired generation 
as the baseline scenario, were discussed. The benefit was the output revenue and 
the costs were the production and environmental costs, summarized in Table 6.3. 
All the remaining costs and benefits were discounted at a rate of 3% for the 25 year 
lifespan of the project. Based on these costs and discount rate, the CBA was 
undertaken for the proposed project to evaluate its social desirability. 
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Table 6.2: Social costs and social benefits with the wind farm project 
SOCIAL COSTS  
Capital investment R135‟751‟500 
Operation and maintenance R3‟637‟500/a 
Extra balancing costs to the grid R214‟620/a 
Indirect costs R490‟695/a 
SOCIAL BENEFITS  
Output revenues R12‟447‟960/a 
Salvage value R35‟634‟769 
Carbon emissions avoided R1‟180‟819/a 
      
Table 6.3: Social costs and social benefits without the wind farm project 
SOCIAL COSTS Estimate 
Capital investment R23‟137‟000 
Cost of production R3‟433‟920/a 
Environmental costs R1‟180‟410/a 
SOCIAL BENEFITS  
Output revenues R12‟447‟960/a 
Salvage value R6‟073‟462 
 
After discounting all the cost and benefit flows, they were compared. Based on the 
costs presented and the discount rate specified, the net present value of the 
proposed project was R-37‟885‟949. The benefit-cost ratio was 0.477. The internal 
rate of return was 0%. The proposed wind farm is not a socially desirable 
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undertaking that does not represent an improvement in the allocation of resources. A 
summary of the CBA results is presented in Table 6.4 below. 
Table 6.4: Summary of social CBA results 
 
Proposed Kouga Wind 
Energy Project: Jeffrey’s Bay 
 
CBA criteria (at social discount rate of 3%) 
NPV IRR BCR 
R-37‟885‟949 0% 0.477 
  
A sensitivity analysis was conducted on various important factors. Specifically, the 
discount rate, capital investment, operation and maintenance, Eskom‟s cost of 
production, environmental cost with the baseline generation method and the indirect 
costs were all subjected to sensitivity analyses. The results were presented. The 
main findings of the sensitivity analysis were that the capital investment cost and the 
Eskom‟s cost of production were the two elements could potentially have a 
significant effect on the desirability of this type of project in the future. 
In order to determine whether the wind farm represented a good business 
opportunity for private firms, which are expected to enter the energy sector as IPPs, 
a private firm CBA was undertaken. 
The benefits to the private firm were based on the REFIT of R1.25/kWh and 
amounted to R26‟827‟500/a. The costs were the capital investment cost, the 
operation and maintenance cost, the balancing costs to the grid and the rental cost 
of the land. Table 6.5 below provides a summary of the private firm‟s costs and 
benefits. A discount rate of 6% was used, reflecting the cost of borrowing funds to 
the private enterprise (the prime interest rate was used as the proxy for this cost).  
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Table 6.5: Summary of private benefits and costs 
PRIVATE COSTS  
Capital investment R135‟751‟500 
Operation and maintenance R3‟637‟500/a 
Balancing costs  R214‟620/a 
Rental cost R328‟500/a 
PRIVATE BENEFITS  
Output revenue R26‟827‟500/a 
 
Based on the costs and benefits presented and the discount rate specified, the net 
present value of the proposed project was R153‟751‟632. The BCR was 1.813. The 
IRR was 16%. The proposed wind farm is a privately profitable project. A summary 
of the private firm CBA is presented in Table 6.6 below. 
Table 6.6: Summary of private CBA results 
 
Proposed Kouga Wind Energy 
Project: Jeffrey’s Bay 
 
CBA criteria (at private discount rate of 9%) 
NPV IRR BCR 
R153‟751‟632 16% 1.813 
 
6.2 CONFIDENCE IN CV RESULTS 
Contingent valuation is subject to many biases (Wattage, 2001). For this reason, 
valuations such as this need to be tested for their validity and reliability (issues 
discussed in Chapter Two and Chapter Three).  
120 
 
The contingent valuation generated in this research was subjected to expectation-
based tests. Based on the criteria of the test, the support for the valuation results 
was moderate to strong. 
It was not possible to test the reliability of the estimates as only one survey was 
undertaken. 
6.3 RECOMMENDATIONS 
6.3.1 RESEARCH PERSPECTIVE 
It is recommended that research that makes use of CV should pay careful attention 
to the issue of sample design. Although time and budget constraints are almost 
always present, it is important that adequate and representative sample sizes be 
determined so as not to undermine the credibility of the results.  
It is recommended that the CV administrator be trained in both the scenario and the 
questionnaire. The interviewer needs to know the context of the study so that 
questions from respondents can be answered to assist the respondent with their 
valuation and understanding of the entire procedure. Questionnaire development is 
important to the success of a CV and should be a focus area. The scenario that is 
described must contain sufficient, but not overwhelming information so that an 
informed decision can be made by the respondent. 
It is recommended that follow up surveys be undertaken so that the reliability of the 
initial CV survey can be ascertained. 
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6.3.2 GENERAL PERSPECTIVE 
It is recommended that extensive further research is undertaken in all fields relating 
to renewable energy. These include the economic, scientific, social, environmental 
and developmental issues surrounding renewable energy, the prevention of climate 
change and the transition to a less carbon-dependent economy. Specifically, 
economic research is necessary to adequately determine the total social benefits. 
Many of these benefits, such as technology and improvement to substations and 
lines, accrue to people beyond the proposed project area and warrant attention. 
It is recommended that the policy to assist in the development of renewable 
energies, like wind energy, in South Africa be investigated so that inefficient projects 
are not pursued. Many of the barriers to the development of this sector in South 
Africa are structural and institutional i.e. the regulations and agreements are not 
clearly defined enough for business to be drawn into this sector. Issues such as the 
status and requirements for independent power producers and the terms and 
conditions of power purchase agreements must be finalised before wind energy will 
gain momentum.  
It is recommended the wind energy to be looked at as part of a portfolio strategy for 
renewable energy. The best solution for the transition towards a low-carbon 
economy appears to be a mix of renewable technologies, taking advantage of 
specific and localised geographical and meteorological opportunities all around the 
country and the world.  
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APPENDICES 
APPENDIX 1: Wind and the Theory of Wind Exploitation 
Wind represents a renewable, sustainable source of energy. Wind is the movement 
of air from high pressure regions to lower pressure regions and is thus a form of 
kinetic energy. It is caused by the heating of the earth‟s land and seas by the sun. 
Uneven heating occurs due to the differing heat retention and reflection capacities of 
the substances which are heated by the sun (e.g. water, soil, rock, etc).  
Warm air rises near the equator. The surface air moves in to replace the rising air. 
This creates two major belts of the global wind patterns. The wind between the 
equator and about 30° north and south latitudes moves east to west (Patel, 1999). 
These are called the trade winds because of their use in sailing ships for trades. 
Near the equator there is little wind, as the air slowly rises upward, rather than 
moving westward. The prevailing winds blow from west to east in two belts between 
latitudes 30° and 60° north and south of the equator. These predominant motions are 
caused by circulation of the trade winds in a closed loop system (Patel, 1999). 
Two attributes are used in the description and forecasting of wind, namely its speed 
and its direction (Patel, 1999). Wind speed is measured with an anemometer and 
direction is determined with a wind vane. An optical sensor has developed that will 
improve measurement capability and accuracy. It makes use of a laser beam 
degradation phenomenon known as the residual turbulent scintillation effect to 
determine wind speeds over a large area (about 100m), as opposed to a traditional 
anemometer which only measures wind speeds at the specific point it is located 
(Patel, 1999).  
The kinetic energy, KE, in a certain mass of air, m, moving at a certain speed, V, is 
   
 
 
              (A.1) 
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The power, P, of a moving mass of air is a flow rate of kinetic energy per second 
   
 
 
                                      (A.2) 
If we let P = mechanical energy in the wind 
ρ = air density kg/m3 
A = area swept by rotor blades m2 
V = velocity of moving air m/s2 
then the volumetric flow rate is A.V (the area swept multiplied by the speed of flow), 
the mass flow rate is ρ.A.V and the power or mechanical energy in the wind can be 
determined as 
   
 
 
           = 
 
 
               (A.3) 
In order to compare different wind sites, specific wind power expressed in watts per 
square metre of rotor swept area is used. This is also known as the power density of 
the site and is represented by the following equation 
   
 
 
               (A.4) 
This is the power in the upstream wind. As the kinetic energy is converted into 
mechanical energy (in the form of the rotating turbines), kinetic energy is lost and so 
the downstream wind has less power. It is impossible to extract all the energy from 
wind as this would involve having no downstream wind at all i.e. all the kinetic energy 
is converted into mechanical energy then there is no more kinetic energy which 
means the air is no longer moving. The most important points here are that the 
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power density of a site is linearly proportional to the density of the air and is 
proportional to the cube of the velocity of the air. 
As mentioned previously it is not possible to extract all the power from the wind and 
it can be determined that the theoretical maximum extractable power is 59% of the 
total power in the wind. This occurs when the upstream wind is moving 3 times as 
fast as the downstream wind. However, in practice, this 59% limit is unreachable, 
with the best power extraction rate of a large two blade turbine being under 50%. 
Therefore, a reasonable equation for the amount of power that wind turbines can 
harness from the wind is simply 
   
 
 
               (A.5) 
Since the power density of a site is proportional to the density of the air, it is worth 
noting two other exogenous, measurable factors that play a role, namely air pressure 
and air temperature. Following the Gas Law, as air pressure increases or as air 
temperature decreases, air density increases. Mathematically, 
   
 
   
           (A.6) 
Where P = pressure 
T = temperature, on the absolute scale 
k = gas constant 
Altitude affects both temperature and pressure. Using a reference of air density at 
sea level at 60 F, adjustments can be made to the power density predictions at 
different sites and heights. These adjustments can be significant. For example, the 
air density at 2000m is 20% less than the air density at sea level. However, 
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irregularities on the earth‟s surface cause some frictional losses of energy and are 
one of the reasons for stronger winds occurring at higher altitudes (Crabbe et al, 
1978). So, these factors need to be carefully balanced in order to maximise the 
extractable energy. 
All these factors necessitate an extremely careful and thorough investigation into the 
exact conditions of a site before the decision is made to construct a wind farm. Wind 
speeds need to be monitored constantly and prevalent directions noted. 
Temperatures must be gauged at the specific altitude and area of the site. Recent 
studies indicate the potential worldwide capacity for wind could be 40 times the 
current global energy consumption (Lorinc, 2009).  
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APPENDIX 2: Contingent Valuation Survey Questionnaire 
 
The Public Issue of Indirect Costs Associated with the Establishment of the Kouga Wind Energy 
Project 
Dept of Economics, NMMU Project 
Principal Researcher: Greig Menzies 
Supervisors: Mr Michael Sale and Prof Stephen Hosking Tel: 041 504 2205 
The Sunnyside Dairy Farm, situated 4 km from the town of Jeffrey’s Bay, is the site for a new 
renewable energy wind farm project. The wind farm will consist of 6 to 10 wind turbines (depending 
on final turbine size), creating an installed capacity of 15MW and generating at least 21 million kWh 
of electricity for the local grid each year, enough electricity for over 1100 households a year. The 
turbines will be identical in size and design and will be visible from about 5km due to their height of 
up to 120m. The construction of the wind farm is expected to take 3 months. The turbines create 
noise pollution, but this noise is unlikely to be audible from Wavecrest (around 22-24dB at that 
distance from the farm, with daily ambient noise between 40-50dB). The impacts on the bird life of 
the area are very small (less than 1 death per turbine per year). Aside from the negatives, there are a 
number of positives associated with a wind farm project. Clean, renewable energy generation, like a 
wind farm, reduces greenhouse gas emissions by displacing fossil fuels as a source of energy. Also, 
the current farming activities on the site will continue. Energy generation of this type is ethically and 
socially responsible. 
The visual disamenity is shown with reference to impressions of what the turbines will look like. 
(Show pictures of impressions) 
It would be greatly appreciated if you would permit me to ask you some questions about your views 
on the costs this type of project imposes. The purpose is to compare these and other costs with the 
benefits and make recommendations for this and other similar projects. No names will be recorded 
and responses will be treated as confidential. 
There are 19 questions. 
1. Age 
Age 
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2. Years of education 
No schooling 
 
1 
Completed 7 -11 years of schooling 
 
2 
Completed 12 years of schooling 
 
3 
Completed schooling plus ≥ 3 years of tertiary 
education 
4 
 
3. Children 
No 
 
0 
Yes 
 
1 
If Yes, how many? 
 
 
 
4. Household size 
Number of members in household  
 
5. Employment status 
Employed 1 
Unemployed 2 
Retired 3 
 
6. Years resident in the town/area 
Years in the town 
 
 
 
7. Average monthly electricity bill 
 
Cost  
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8. Gross annual pre-tax income 
0 – 40001 1 
40001 – 60000 2 
60001 – 80000 3 
80001 – 100000 4 
100001 – 125000 5 
125001 – 150000 6 
150001 – 200000 7 
200001 – 250000  8 
250001 – 300000 9 
300001 – 350000  10 
350001 – 500000  11 
> 500001 12 
 
9. Were you aware of this proposed wind farm development? 
No 0 
Yes 1 
 
10. Do you subscribe to any scientific/environmental publications? 
No 0 
Yes 1 
 
11. Are you a member of an environmental organisation? 
No 0 
Yes 1 
 
12. Are you a member of an outdoor organisation? 
No 0 
Yes 1 
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13. In your opinion, should renewable energies like wind power be a priority for local and 
national government? 
No 0 
Yes 1 
 
14. In your opinion, is dependency on fossil fuels a concern? 
No 0 
Yes 1 
 
 
 
 
 
15. In your opinion, is global warming a concern? 
No 0 
Yes 1 
 
16. In your opinion, are the wind turbines likely to be harmful to the scenery? 
No 0 
Yes 1 
 
17. Suppose to compensate individuals for accepting the wind farm in their area, electricity bills 
would be reduced by R_____ each month per household. Suppose this proposal is on the 
next election ballot. How would you vote on this proposal? 
No 0 
Yes 1 
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18. If you voted “No” in Question 16, what are your reasons? 
 
Not enough compensation 1 
Visual intrusion  2 
Fear of damage to the ecosystem (annoyance to 
flora and fauna, microclimate change) 
3 
Health hazards (possible cause of accidents) 4 
Insecurity of supply (wind intermittency) 5 
No amount could adequately compensate 6 
Other 7 
 
 
19. Any other comments  
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________ 
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 APPENDIX 3: Time profile of benefits 
 
Year BENEFITS WITH THE WIND FARM PROJECT BENEFITS WITHOUT THE WIND FARM PROJECT   
 Revenue: CO2: Salvage value: BENEFIT (WITH) Revenue: Salvage Value BENEFIT (WITHOUT) INCREMENTAL BENEFIT BENEFIT PV 
          
0          
1 12447960 1180819  13628779 12447960  12447960 1180819 1146225.902 
2 12447960 1180819  13628779 12447960  12447960 1180819 1112646.239 
3 12447960 1180819  13628779 12447960  12447960 1180819 1080050.32 
4 12447960 1180819  13628779 12447960  12447960 1180819 1048409.327 
5 12447960 1180819  13628779 12447960  12447960 1180819 1017695.283 
6 12447960 1180819  13628779 12447960  12447960 1180819 987881.0334 
7 12447960 1180819  13628779 12447960  12447960 1180819 958940.2176 
8 12447960 1180819  13628779 12447960  12447960 1180819 930847.2477 
9 12447960 1180819  13628779 12447960  12447960 1180819 903577.2852 
10 12447960 1180819  13628779 12447960  12447960 1180819 877106.2195 
11 12447960 1180819  13628779 12447960  12447960 1180819 851410.6462 
12 12447960 1180819  13628779 12447960  12447960 1180819 826467.8466 
13 12447960 1180819  13628779 12447960  12447960 1180819 802255.7676 
14 12447960 1180819  13628779 12447960  12447960 1180819 778753.002 
15 12447960 1180819  13628779 12447960  12447960 1180819 755938.7699 
16 12447960 1180819  13628779 12447960  12447960 1180819 733792.9002 
17 12447960 1180819  13628779 12447960  12447960 1180819 712295.8125 
18 12447960 1180819  13628779 12447960  12447960 1180819 691428.5004 
19 12447960 1180819  13628779 12447960  12447960 1180819 671172.5139 
20 12447960 1180819  13628779 12447960  12447960 1180819 651509.9438 
21 12447960 1180819  13628779 12447960  12447960 1180819 632423.4054 
22 12447960 1180819  13628779 12447960  12447960 1180819 613896.0235 
23 12447960 1180819  13628779 12447960  12447960 1180819 595911.4169 
24 12447960 1180819  13628779 12447960  12447960 1180819 578453.6847 
25 12447960 1180819 35634769 49263548 12447960 6073462 12447960 30742126 14618608.76 
 31119900 29520475 35634769 376354244 31119900 6073462 31119900 59081782 34577698.07 
 APPENDIX 4: Time profile of costs 
Year COSTS WITH THE WIND FARM PROJECT COSTS WITHOUT THE WIND FARM PROJECT   
 Capital: Operation: Balancing: WTA: COST 
(WITH): 
Capital Cost of 
production: 
Environmental 
Cost: 
COST 
(WITHOUT): 
INCREMENTAL 
COST:  
COST PV: 
            
0 135751500    135751500 23137000   23137000 112614500 112614500 
1  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -2242719.719 
2  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -2177017.336 
3  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -2113239.76 
4  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -2051330.602 
5  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1991235.126 
6  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1932900.198 
7  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1876274.241 
8  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1821307.19 
9  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1767950.446 
10  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1716156.833 
11  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1665880.558 
12  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1617077.169 
13  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1569703.516 
14  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1523717.716 
15  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1479079.108 
16  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1435748.227 
17  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1393686.76 
18  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1352857.52 
19  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1313224.408 
20  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1274752.381 
21  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1237407.425 
22  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1201156.521 
23  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1165967.618 
24  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1131809.604 
25  3637500 214620 490695 4342815  5472810 1180410 6653220 -2310405 -1098652.279 
 135751500 90937500 5365500 12267375 244321875 23137000 136820250 29510250 189467500 54854375 72463647.74 
 APPENDIX 5: Time profile of private costs and benefits 
 Year COSTS BENEFITS NET BENEFITS PV 
 Capital: Operation: Balancing: Rent: COST: COST PV Revenue: BENEFIT: BENEFIT PV  
 
  
 
 
      
0 131553000 
 
 
 
131553000 131553000   
 
-131553000 
1 
 
3525000 216420 337500 4078920 3848037.7 26827500 26827500 25308962.26 21460924.5 
2 
 
3525000 216420 337500 4078920 3630224.3 26827500 26827500 23876379.49 20246155.2 
3 
 
3525000 216420 337500 4078920 3424739.9 26827500 26827500 22524886.32 19100146.4 
4 
 
3525000 216420 337500 4078920 3230886.7 26827500 26827500 21249892.75 18019006.1 
5 
 
3525000 216420 337500 4078920 3048006.3 26827500 26827500 20047068.63 16999062.3 
6 
 
3525000 216420 337500 4078920 2875477.6 26827500 26827500 18912328.9 16036851.3 
7 
 
3525000 216420 337500 4078920 2712714.8 26827500 26827500 17841819.72 15129105 
8 
 
3525000 216420 337500 4078920 2559164.9 26827500 26827500 16831905.39 14272740.5 
9 
 
3525000 216420 337500 4078920 2414306.5 26827500 26827500 15879156.03 13464849.5 
10 
 
3525000 216420 337500 4078920 2277647.6 26827500 26827500 14980335.88 12702688.3 
11 
 
3525000 216420 337500 4078920 2148724.2 26827500 26827500 14132392.34 11983668.2 
12 
 
3525000 216420 337500 4078920 2027098.3 26827500 26827500 13332445.6 11305347.3 
13 
 
3525000 216420 337500 4078920 1912356.9 26827500 26827500 12577778.87 10665422 
14 
 
3525000 216420 337500 4078920 1804110.2 26827500 26827500 11865829.12 10061718.9 
15 
 
3525000 216420 337500 4078920 1701990.8 26827500 26827500 11194178.42 9492187.62 
16 
 
3525000 216420 337500 4078920 1605651.7 26827500 26827500 10560545.68 8954893.98 
17 
 
3525000 216420 337500 4078920 1514765.8 26827500 26827500 9962778.94 8448013.19 
18 
 
3525000 216420 337500 4078920 1429024.3 26827500 26827500 9398848.057 7969823.76 
19 
 
3525000 216420 337500 4078920 1348136.1 26827500 26827500 8866837.789 7518701.66 
20 
 
3525000 216420 337500 4078920 1271826.5 26827500 26827500 8364941.311 7093114.77 
21 
 
3525000 216420 337500 4078920 1199836.4 26827500 26827500 7891454.067 6691617.71 
22 
 
3525000 216420 337500 4078920 1131921.1 26827500 26827500 7444767.987 6312846.9 
23 
 
3525000 216420 337500 4078920 1067850.1 26827500 26827500 7023366.026 5955515.94 
24 
 
3525000 216420 337500 4078920 1007405.7 26827500 26827500 6625817.005 5618411.27 
25 
 
3525000 216420 337500 4078920 950382.77 26827500 26827500 6250770.76 5300387.99 
 
131553000 88125000 5410500 8437500 
233526000 
 183695287 
670687500 
 
670687500 
 342945487.3 159250200 
